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Chapter 1 
INTRODUCTION 

Chapter 1.1 
HISTORY 
11 
Delirium was one of the first mental disorders described by the ancient medi-
cal writers some 2500 years ago [1]. In his extensive and excellent monograph 
"Delirium: Acute Confusional States", Lipowski describes the historical de-
velopment of the concept of this disorder in detail, from the time of 
Hippocrates till the twentieth century [IJ. His most important and remarkable 
finding in tracing the history of delirium is the accuracy and consistency of 
the clinical description, despite the confusing variety of terms applied over 
the centuries to the same set of symptoms. Hereafter, the most important facts 
from his historical outline on delirium will be summarized [1]. 
At first, in antiquity, what nowadays is called delirium was referred to as 
'phrenitis'. It was regarded as an acute mental disorder usually associated with 
fever and characterized by cognitive and behavioural disturbances as well as 
disruption of sleep. Phrenitis was described as marked by restless and excited 
behaviour, while 'lethargus', considered as the opposite of phrenitis, featured 
listlessness, sleepiness, inertia, memory loss and dulling of the senses. 
Lethargus could change into phrenitis and vice versa. Only in the late eigh-
teenth century the word delirium gradually came to replace both of the earlier 
terms. Celsus was the first medical 'Writer known to use the term 'delirium'. 
He, as the other ancient medical 'Writers, recognized delirium or phrenitis as 
one of the most important mental disorders at that time. 
In the medieval period relatively little was contributed to the concept of deli-
rium and in the twelfth century the interest in mental disorders waned. It was 
only in the sixteenth century that some interesting developments in the con-
cept of delirium took place. By then, it became recognized that delirium could 
occur in a wide range of systemic diseases and the importance of thorough 
medical examination of a delirious patient was emphasized. It was also asser-
ted that a predelirious phase, called 'paraphrenitis' could occur, which might 
or might not be followed by a full-blown delirium. The prodromal symptoms 
of phrenitis were insomnia, headache and disturbing dreams. It was stated 
that the outcome of delirium depended on the constitution of the patient, the 
nature of the underlying disease and the method of treatment applied. It was 
noted that disorientation constituted a symptom of delirium and that contras-
ting states like vigilance and apathy could occur in the same patient on a 
single day. Other psychopathological features described were abnormalities of 
imagination (visual hallucinations), reason and memory. In this age, delirium 
complicating surgery was mentioned for the first time and described as a 
transient disturbance following fever, pain and excessive bleeding due to 
wounds, gangrene and operations. 
In the seventeenth and eighteenth century the interest in and knowledge of 
mental disorders increased enormously. Many important contributions ap-
peared such as a treatise on mental disorders by Thomas Willes. He considered 
delirium not as a disease per se, but rather as a symptom. Like his contempo-
raries he departed from the traditional humoral theory of delirium, which re-
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garded delirium as the result of a disordered secretion of the brain glands. 
Frings, in the eighteenth century, explicitly rejected the humoral theory of 
disease and the treatment of delirium based on it. He criticized the at that 
time often advocated 'bleeding therapy' and stressed the need for rest and 
sleep. Even though the essential features of delirium had by now been ade-
quately described, the relevant terminology was still inconsistent and confu-
sing: 'delirium' implied madness or raving, while 'phrenitis' or 'phrensy' re-
ferred to delirium associated with febrile and sometimes other somatic 
diseases. Phrensy was usually divided into primary, that is, due to a disorder of 
the brain and its membranes, or secondary ('paraphrensy'), that is, resulting 
from overheating of the brain, due to extracerebral causes. Other interesting 
contributions in this period included observations on the intriguing relation-
ship between delirium and the disorder of the sleep-wake cycle, the notion 
that delirium constituted a form of dreaming while the person was awake, the 
development of the pathogenetic theory that delirium involved 'diminution 
in the energy of the brain', the classification of delirium among the diseases of 
sensation, specifically as one with increased sensation and the introduction of 
the term 'consciousness'. Although it was only in the next century that 
consciousness came to be regarded as a distinct mental state or function, one 
whose disturbance ('clouding') was generally regarded as a core abnormality in 
delirium, the concept now was introduced to denote awareness of one's self, 
one's body and one's environment. James Sims, in 1799, was the first to use 
the term 'delirium' in its modem sense to designate a distinct mental disorder 
rather than to refer to insanity generally, at the same time recognizing the two 
clinical variants of the syndrome, distinguished by contrasting states of alert-
ness and of psychomotor behaviour. 
The works on delirium, appearing in the nineteenth century were mainly writ-
ten by physicians and surgeons, not by psychiatrists. It was the age of the 'asy-
lum' and of the isolation of psychiatry from the rest of medicine. Since deli-
rium was already considered as an acute and transient complication of a 
physical illness, it was of no practical importance to the asylum psychiatrist 
who was only familiar with chronic mental disorders. By now the syndrome 
of delirium had been clearly delineated and became increasingly recognized as 
a transient cognitive and behavioural disorder brought about by brain dys-
function, resulting from a wide range of physical (organic) causes. Delirium 
tremens, thought to be due to intoxication with alcohol or its Withdrawal, was 
described at about the same time. Excellent clinical descriptions were written 
by different medical authors. Hypoxemia, due to either pulmonary or cardiac 
disease, and trauma were added to the possible etiological factors for delirium. 
Dupuytren, a French surgeon, described 'traumatic' delirium, occurring after 
accidental or surgical trauma and noted the transient nature, the generally 
good prognosis, the absence of fever and tachycardia and next to other al-
ready known features, the insensitivity to pain. 
In the second half of the nineteenth century an important development in 
the concept of delirium took place. From now on it was viewed as a disorder 
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of consciousness, although some functional mental disorders were also inclu-
ded among diseases featuring altered or clouded consciousness. Initially the 
terms 'consciousness', 'mind' and 'mentation' were used synonymOUSly, but 
soon consciousness was accepted as a 'special function of some part or parts of 
the brain'. It came to be regarded as a product of molecular change in brain 
tissue, dosely related to attention. Another concept, closely connected with 
delirium and clouding of consciousness, elaborated during this period consti-
tuted 'confusion'. It was viewed as a core psychological impairment, characte-
rized by an inability to think coherently and logically, reduced perceptual dis-
crimination and defective memory. Like consciousness it constituted a 
symptom not only of delirium, but also of some other mental disorders 
lacking organic aetiology. Because of a tendency to designate the disorders 
which shared certain clinical features with delirium by many different new 
terms (such as acute delirium, delirium acutum, amentia, confusional states 
etc.), a terminological and conceptual chaos was created which hampered a 
further clarification of the concept of delirium, interfering with the explora-
tion of its aetiology, pathogenesis and psychophysiology. However, by the 
end of the nineteenth century the core features and the boundaries of deli-
rium were defmed close to modern definition. Moreover, an effort was made 
to differentiate delirium, due to a wide range of organic diseases, from similar 
psychopathological states marked by clouding of consciousness. 
The development of general hospital psychiatry in the twentieth century 
offered psychiatrists the opportunity to become better acquainted with the 
psychiatric complications of physical illness, of which delirium is the most 
common. With the appearance of the work of Bonhoeffer an important devel-
opment in the area of psychopathology due to somatic diseases took place. He 
introduced the 'exogenous reaction types', including delirium, epileptiform 
excitement, twilight state, hallucinosis and amentia as a single class of non-
specific, acute mental concomitant of physical illness. 'Exogenous' implied an 
origin of the disorder in the body outside the brain, as a result of systemic 
diseases. They differed symptomatically from the 'endogenous' or functional 
mental disorders. The main psychopathological feature showed by most exo-
genous reaction types was a clouding of consciousness. Bonhoeifer, contrary 
to his contemporaries, recognized that there was not such a thing as disease-
specific mental syndromes. In the decades that followed, it became clear that 
not only acute systemiC diseases but also the primary cerebral ones, as well as 
intoxication by various drugs and poisons could give rise to one of the exoge-
nous reaction types. By this time amentia, epileptic excitement and twilight 
states were no longer reckoned among the exogenous reaction types and only 
the terms 'delirium' and 'hallucinosis' survived till nowadays. Moreover, the 
importance of clouding of consciousness as a core feature of psychiatric com-
plications of somatic diseases decreased. 
In the first half of the twentieth century some clinicians addressed the patho-
genesis and pathophysiology of delirium, both crucially important yet neglec-
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ted aspects. It was recognized that nothing was known of the precise processes 
by which delirium was mediated, although in the great majority of cases the 
primary causal factors were supposed to be 'organic' and to consist in a modi-
fication of brain substance produced either by a toxin or a degenerative pro-
cess. Robinson drew attention to the common occurrence of delirium in the 
elderly and proposed that cerebral arteriosclerosis and general aging of the 
brain lowered its metabolism and rendered it more susceptible to a variety of 
endogenous and exogenous toxic agents, which reduced its metabolic rate 
even further. He is probably the first writer to acknowledge the crucial role of 
'cerebral oxidative metabolism' in the pathogenesis of delirium, a hypothesis 
further developed and tested in the 1940s. 
The first scientific inquiry into the pathophysiological mechanisms under-
lying delirium was done by Engel and Romano, two very important pioneers 
in the field of delirium, who attempted to correlate clinical, psychological and 
encephalographic (EEG) data in patients with delirium due to a variety of sys-
temic diseases. Their findings led them to the following conclusions. Delirium 
was a disturbance in the level of consciousness, established clinically by pa-
tient's responses to tests of cognition. The syndrome depended on the pre-
sence of a cerebral disorder indicated by the general slowing of the EEG back-
ground activity. A lowering of the rate of brain metabolism was a necessary 
condition for the EEG slowing and the concomitant cognitive impairment, 
both of which tended to vary simultaneously: the greater the slowing, the 
more profound the degree of impairment. Psychiatric symptomatology of deli-
rium reflected fluctuations in the level of awareness (consciousness). Those 
psychological variables that correlated best with the slowing of the EEG back-
ground activity included attention, memory and comprehension. Manifest be-
haviour of a delirious patient might range from overactivity and hyperarousal 
to lethargy and stupor. Application of the work of Engel and Romano to all 
clinical variants of delirium was challenged, since the slowing of EEG back-
ground activity proved to be absent in delirium tremens. 
In the last 40 years there have been no breakthroughs in research on delirium. 
The most important studies were those on 'experimental' delirium, induced 
by various anticholinergic agents. Those investigations highlighted the role of 
the disturbed balance of cerebral neurotransmitters, notably acetylcholine and 
noradrenaline, in the pathogenesis of delirium and hence created an impor-
tant new approach to the scientific inquiry into this subject. 
Since 1967 with the publication of his first article on delirium 'Delirium, clou-
ding of consciousness and confusion' [2], Lipowski has made a great effort to 
summarize all the knowledge about delirium that had accumulated over the 
centuries and to review critically the relevant terminology in order to bring 
some order to it [1,3-7]. He also proposed a new classification of organiC men-
tal (brain) syndromes, that was largely adopted in the third edition of the clas-
sification of mental disorders of the American Psychiatric Assodation, pub-
lished in 1980 [8J. Delirium was firmly established as one of the organiC 
mental syndromes and for the first time explicit criteria for its diagnosis were 
15 
offered. As Lipowski argues "The ground for the much-needed research on the 
syndrome has been prepared". 
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Chapter 1.2 
DIAGNOSIS AND SYMPTOMATOLOGY 
OF DELIRIUM 
17 
DEFINITION 
Delirium is defined as a transient organic mental syndrome of acute onset, 
characterized by a global impairment of cognitive functions, a reduced level of 
consciousness, attentional abnormalities, increased or decreased psychomotor 
activity, and a disordered sleep-wake cycle [1-4]. Although the essential clini-
cal features have been consistently described for centuries, the clinical presenR 
tation may be quite variable. 
Table 
DSM-IIl-R diagnostic criteria for delirium 
A. Reduced ability to maintain attention to external stimuli (e.g" questions must be repeated 
because attention wanders) and to appropriately shift attention to new external stimuli 
(e.g., perseverates answerto a previous question). 
B. Disorganized thinking, as ind'ieated by rambling, irrelevant, or incoherent speech. 
c. At least two of the following: 
1) reduced level of consciousness, e.g., difficulty keeping awake during examination 
2) perceptual disturbances: misinterpretations, illusions, or hallucinations 
3) disturbance of sleep~wake cycle with insomnia or daytime sleepiness 
4) ·lncreased or decreased psychomotor activity 
5) disorientation to time, place, or person 
6) memory impairment, e.g., inability to learn new material, such as the names of several 
unrelated objects after five minutes, or to remember past events, such as history of 
current episode of illness 
D. Clinical features develop over a short period of time (usually hours to days) and tend to 
fluctuate over the course of a day. 
E. Either (1) or (2): 
1) evidence from the history, physical examination, or laboratory tests of a specific orga-
nic factor (or factors) judged to be etiologically related to the disturbance 
2) in the absence of such evidence, an etiologic organic factor can be presumed if the dis-
turbance cannot be accounted for by any nonorganic mental disorder, e.g., Man"lc 
Episode accounting for agitation and sleep disturbance 
A standard description of delirium and explicit criteria for its diagnosis were 
provided by the publication of the DSM-IIl and the DSM-IIl-Revised in 1980 
and 1987 respectively [2,3]. According to the DSM-l11-R the essential features 
are reduced ability to maintain attention to external stimuli and to appro~ 
priately shift attention to new external stimuli and disorganized thinking, as 
manifested by rambling, irrelevant or incoherent speech. The syndrome also 
involves a reduced level of consciousness, sensory misperceptions, disturban~ 
ces of the sleep~wake cycle and level of psychomotor activity, disorientation to 
time, place or person and memory impairment (table 1). The onset is relati-
vely rapid and the course typically fluctuates. The total duration is usually 
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brief [3]. As Lipowski argues these criteria should be regarded as guidelines for 
diagnosis, because if examined more closely, only two psychopathological fea-
tures must be present: attentional disorder and disorganized thinking [1]. 
On the other hand, the current draft of the tenth revision of the- International 
Classification of Diseases (ICD-lO) [4] offers more precise and stricter guide-
lines for the diagnosis of the syndrome, describing delirium as an etiologically 
nonspecific organic cerebral syndrome characterized by: 
1. Impairment of consciousness and attention 
2. Global disturbance of cognition 
3. Psychomotor disturbances 
4. Disturbance of the sleep-wake cycle 
5. Emotional disturbances. 
These disturbances occur concurrently and are of variable duration. The de-
gree of severity ranges from mild to very severe [1,4]. Thus, contrary to the 
DSM-III-R the ICD-I0 requires all features to be present for diagnosing deli-
rium. It will, therefore, be more clear what is meant by a diagnosis of delirium. 
The ICD-IO criteria are probably more specific, but less sensitive than the 
DSM-III-R criteria and better to operationalize. 
CLINICAL FEATURES AND VARIANTS 
The symptoms of delirium have been extensively described by many clinicians 
in a number of reviews [1,5-11]. Abnormalities in every aspect of the mental 
state have been found in association vvith delirium. The full-blown syndrome 
may be preceded by prodromal symptoms, usually beginning vvith.insomnia by 
night and drowsiness by day, vivid and often disturbing frightenlng dreams, 
transient illusions and hallucinations, and brief moments of disorientation. 
When awake there is an increasing difficulty to concentrate and to think 
clearly. The patient may become restless, irritable and anxious or more lethar-
gic and vvithdrawn. He may report hypersensitivity to sensory stimuli, fatigue 
and malaise [1,8,11]. The patient may never progress beyond the prodromal 
stage, or the symptoms may increase in intensity and a full-blown delirium 
develops [1]. Certain characteristics of delirium make its recognition, espe-
cially in the early stages more difficult: The onset often occurs at night and its 
development is in general relatively rapid, over hours or days. The clinical ma-
nifestations are fluctuating, vvith lucid intervals in the morning and maxi-
mum disturbance at night when the patient is fatigued and sensory input re-
duced [1,8,11,15]. However, as Lipowski pOints out: "In general, acute onset of 
cognitive and attentional deficits and abnormalities, whose severity fluctuates 
during the day and tends to increase at night, is practically diagnostic" [1,8,9]. 
In delirium the main aspects of cognition (thinking, perception and memory) 
are all disturbed in some degree, hence the term 'global' [1,7-9,11]. 
The disordered thinking may be revealed by a rambling, disorganized and inco-
herent speech. Sometimes patients may become mute. Spontaneous utterances 
tend to be stereotyped and perseverated. The speech volume ranges from 
whispered muttering to shouting and screaming [l1J. A deterioration of wri-
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ting ability is common, probably being a sensitive indicator of delirium [6,11]. 
If the delirium is light, the only abnonnality may be a slowing down or spee-
ding up of the stream of thought, but as it becomes more severe the capacity 
to make judgements, to grasp abstract concepts and to reason logically are all 
impaired [11]. The content of thought may also be disturbed in delirium. 
Fleeting, poorly organized delusions of a persecutory nature are often, but not 
invariably, present and are influenced by environmental stimuli. The patient 
may be suspicious of and feel threatened by the medical staff. For example, he 
may think that he is being poisoned and as a consequence not take his medi-
cation and behave combative. 
Perception is often abnormal and although hallucinations are common in deli-
rium, they are not an essential feature of the syndrome. A wide range of per-
ceptual distortions, illusions and hallucinations can occur, which are most of-
ten visual or both visual and auditory [6-9,11]. Patients may perceive objects 
around them too small (micropsia), too big (macropsia) or otherwise distorted 
(dysmorphopsia) [7,11]. Hallucinations of all degrees of complexity occur, 
from simple flashing lights and noises to three-dimensional, mOving, vivid, 
coloured images of people, animals and objects and to voices [7,8,11]. 
Hallucinations may be closely related vvith delusions, tend to be terrifying and 
can make the patient hostile, fearful and aggreSSive [6-9]. Although tactile hal-
lucinations are less common than visual and auditory ones, they may occur 
[8,11]. Illusions and hallucinations appear more commonly when the sensory 
input is reduced or ambiguous, for example at night and in patients with pre-
existing visual and auditory impairment [11]. 
Memory is disturbed in all its key aspects: registration, retention and recall. In 
particular, the impaired registration of new experience, due to short attention-
span, results in learning deficits and anterograde amnesia [6,8-11]. Once deli-
rium has remitted, there is usually a partial or complete amnesia for the pe-
riod of delirium, but certain psychotic experiences may be recalled [11]. 
Impairment of remote memory is less common in delirium, but may be 
disturbed in more severe cases [l1J. The patient may confabulate to make up 
for memory [8,11]. 
Impairment of attention, vvith hypo- or hyperalertness, is a core feature of deli-
rium and invariably present in some degree [1-13]. The attentional deficit re-
sults in decreased concentration and distractibility. 
The combination of a global cognitive disturbance and a disordered attention 
appear to be responsible for the often rapidly developing disorientation in 
severe delirium, first in time and subsequently also in place and person (i.e. 
the misidentification of familiar persons). In mild cases, however, orientation 
may be intact [1,6-13]. 
Since wakefulness is often reduced during the day, the patient then often dozes 
off, while mostly at night he is coming to live and becomes agitated and hy-
peractive. The normal sleep-wake cycle is always disrupted and often 
completely reversed, worsening even more the cognitive-attentional deficits 
[6-9]. Sometimes the patient hardly sleeps at all, being perSistently hyperalert. 
An episode of nocturnal disturbance often is the first sign of impending deli-
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rium, while conversely, the restoration of quiet sleep heralds improvement [11]. 
With respect to psychomotor behaviour patients may show hyperactive as well 
as hypoactive symptoms with regard to their movements and speech. For the 
most part overactivity in delirium is purposeless and repetitive such as the per-
sistent plucking and picking at bedclothes. Sometimes patients show more 
complex stereotyped movements, the so-callled 'occupational delirium', since 
these stereotypes often represent habitual, work-related activities [11]. Restless 
wandering and physical and verbal aggressive outbursts may create the great-
est management problems [11]. The hyperactive patient easily becomes ex-
hausted or will harm himself otherwise, not feeling much pain while deli-
rious, for example by falling or pulling out lines. The agitation is usually 
associated with overactivity of the sympathetic nervous system. 
This type of delirium is called the hyperaZert-hyperactive type (similar to the an-
cient syndrome 'phrenitis') and is typically seen in withdrawal (from alcohol 
or certain drugs like benzodiazepines) delirium [1,9,11,13-151. 
By contrast, the hypoalert-hypoactive type (similar to the ancient syndrome 'le-
thargus') of delirium is characterized by a reduced level of activity and alert-
ness. The patient responds only slowly and with hesitation to stimuli, he is 
quiet, speaks little and displays diminished psychomotor activity. Especially 
older patients and probably patients with a metabolic encephalopathy are 
prone to this type of delirium and are often misdiagnosed as depressed 
[1,9,11,13-15]. 
The mixed type of delirium features unpredictable shifts from reduced alertness 
and activity to hyperalertness and overactivity, and vice versa [1,9,141. 
Lately, two studies have been published trying to validate the clinical impres-
sions of the frequency and characteristics of these subtypes of delirium 
[14,15]. Liptzin and Levkoff daily evaluated 325 elderly patients, admitted to a 
general hospital for an acute medical problem, in order to detect symptoms of 
delirium. In the 125 patients with delirium the three aforementioned subtypes 
of delirium could be identified on the basis of a certain symptom-pattern. The 
mixed type proved to be the most common (52%), followed by the hypoactive 
type (19%) and the hyperactive type (15%). Fourteen percent of the patients 
had neither hyper- nor hypoactivity. There were no statistically significant dif-
ferences between the different groups. However, the hyperactive group had a 
shorter length of stay and a lower mortality rate than both the hypoactive and 
mixed group [14]. This interesting research requires further investigation into 
the relation of these clinical subtypes of delirium and certain underlying me-
dical illness and, pOSSibly, correlation with findings from electro-
encephalography [14]. 
Ross et aI., although in a somewhat less systematic way, also found that phe-
nomenologic subtypes of delirium can be defined on the basis of level of alert-
ness. Positive symptoms, such as hallucinations, illusions and delusions were 
strongly related with agitation and appeared to be more common in patients 
with the hyperactive type of delirium [15]. Scores for depression and elation 
did not differ between the mo groups. Somnolent (hypoactive) patients were 
about twice as prevalent as activated patients [ISJ. Since the patients were eva-
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luated only once, the stability of the clinical subtypes of delirium could not be 
assessed [15J. This may also be the reason for not induding the mixed type of 
delirium, creating a bias in the frequency of the two other subtypes. In some 
patients phenomenology was related to etiology: all patients with hepatic en~ 
cephalopathy had the somnolent subtype of delirium, while fever was ap-
proximately equally associated with each of the two subtypes [15J. 
Delirium is usually accompanied by profound affective changes, ranging from 
fear, depression, apathy, anger, rage to euphoria [l,2-13J. Fear and apathy are 
regarded as the most prominent affects in delirium [I,ll]. It is generally ac-
cepted that premorbid personality, mood state, life-events and circumstances 
all have an impact on the nature and extent of affective responses in delirium, 
but relationships between these and delirium have never been adequately do-
cumented. 
Incontinence of urine and faeces is usual in severe cases and some patients 
may show inVOluntary movements such as asterixis or coarse tremor [I,ll]. 
DIAGNOSIS 
Delirium is in fact easy to diagnose. First, the syndrome has to be recognized 
on the basis of its characteristic clinical features and second, the underlying 
organic etiological factor(s) must be identified by means of a general medical 
history, a physical examination and appropriate laboratory tests [1]. It is es-
sential to examine the cognitive functioning of the patient and to observe his 
behaviour more or less constantly. Electroencephalography can be of aid in 
diagnosing delirium since it typically shows diffuse slowing of the background 
activity, though such slowing occurs also in Alzheimer's disease and is absent 
in alcohol and drug delirium. In general, the diagnosis is made primarily on 
clinical grounds [1,13J. 
Delirium is, by definition, a transient syndrome, but this does not imply that 
it is always followed by complete recovery [1-4J. Depending on the underlying 
cause the patient will survive and return to the premorbid state, be left with 
some form or degree of psychological impairment or die [IJ. The most com-
mon outcome is full recovery. However, delirious patients are, compared with 
patient control groups, more at risk for both in-hospital as post-discharge 
death, longer hospitalization and institutionalization [1,13,16-18J. The higher 
mortality rate found in patients with delirium appears to depend more on the 
medical condition than on the presence of delirium [13,16.18J. 
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Chapter 2 
DELIRIUM AFTER CARDIAC SURGERY: 
A CRITICAL REVIEW 
R.C. van der Mast, F.H.!. Roest 
INTRODUCTION 
Since the mid 1950s numerOus articles have been published concerning psy-
chiatric complications, especially delirium, following cardiac surgery [1-57, 
table IJ. Cardiac surgery has traditionally been associated with a particularly 
high rate of postoperative delirium. The reported incidence varies from 2-57%, 
depending on the research design, the selection of patients, the type of cardiac 
surgery, the assessment methods and not least of all, the criteria and defini-
tion of delirium [1-57,table 1J. 
Blachly and Starr were the first to use the term postcardiotomy delirium for 
delirium after cardiac surgery [5J. They defined delirium referring to the pre-
sence of any evidence of organic symptoms, by which was meant a syndrome 
consisting of impairment of orientation, memory, intellectual functions and 
judgement, and of lability of affect. Originally, postcardiotomy delirium was 
associated with open-heart surgery (and extracorporeal circulation), but later 
on the term was also used for delirium after coronary artery bypass surgery. 
Yet, this procedure does not require the heart to be opened extensively, unlike 
the operation required to repair valvular and congenital defects [31]. So, less 
cardiac damage will be done and (micro) embolization, a possibly important 
insult to the brain, is less likely to occur. However, since postcardiotomy deli-
rium is an established diagnostic term, we will use it for delirium after cardiac 
surgery, irrespective of the kind of operation. 
The current incidence of postcardiotomy delirium is unknown and multiple 
studies have implicated as many risk factors. Smith and Dimsdale [58] re-
viewed the literature using meta-analysis to combine the results of 44 research 
studies, published between 1963 and 1987 in a variety of English-language 
journals. They examined the incidence of postcardiotomy delirium and the re-
lationship with 28 hypotheSized risk factors and came to the conclusion that 
the incidence has remained fairly constant over time at 32% [58J. Apart from 
preoperative psychiatric intervention, they did not find any substantial corre-
lation between the occurrence of postcardiotomy delirium and any other risk 
variable. However, after reviSion of the studies used for meta-analYSiS, com-
ment can be given on their methods and conclusions. 
One of the main problems is the definition of delirium. According to current 
diagnostic standards, the DSM-II1-(R) [59], the essential features of delirium 
are A. reduced ability to maintain attention to external stimuli and to appro-
priately shift attention to new external stimuli and B. disorganized thinking, 
as manifested by rambling, irrelevant or incoherent speech. The syndrome 
should also involve C. at least two of the following features: a reduced level of 
consciousness, sensory mlsperceptions, disturbances of the sleep-wake cycle or 
level of psychomotor activity, disorientation to time, place or person and 
memory impairment. D. The onset is relatively rapid and the course typically 
fluctuates. The total duration is usually brief, about one week. Although it is, 
of course, impossible to classify all the research studies according to current 
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diagnostic criteria, an effort has to be made to approach these current criteria 
as much as possible. 
Smith and Dimsdale classified 'the various clinical presentations' of postcar-
diotomy delirium into three groups: group 1 including symptoms of disorien-
tation to place or time, group 2 consisting of perceptual illusions, failure to 
recognize family or friends, or disorientation to identity and group 3 contai-
ning hallucinations, paranoid ideation or agitation [58]. Yet, such a classifica-
tion does not represent the 'various clinical presentations', but different symp-
toms of delirium, in particular those symptoms mentioned under C. of the 
DSM-III-R [59]. None of these separate symptoms, as described in the three 
groups, is nowadays enough for a diagnosis of delirium. 
Besides, there has been some debate on the time of onset of postcardiotomy 
delirium [58,60]. Some investigators, especially the group of Heller and 
Kornfeld, only favour a diagnosis of postcardiotomy delirium when the syn-
drome follows a lucid interval of 2-5 days postoperatively [5,8,22,31,39,40]. A 
similar syndrome, occurring before that time is classified as an organiC brain 
syndrome, without mentioning the differences in clinical presentation. Others 
do not find such a 'lucid interval' or do not even mention the time of onset as 
a possibly important clinical feature of delirium after heart surgery [58]. 
Also, in some, but not or only partly in other studies, postoperative deaths 
were excluded resulting in a different incidence of postoperative delirium. 
Since we were unable to classify the psychiatriC symptoms in most studies -
some studies do not even define postoperative delirium-, we were puzzled by 
the methods the authors used to group apparently many of the 44 studies in 
as much as three categories. Because meta-analYSis, a quantative method for 
reviewing reported studies, requires at least well defined, discrete endpoints-
i.e. delirium, most of the reported studies are useless for this purpose [61]. The 
conclusion that delirium has remained fairly constant over time is therefore 
questionable. 
Another problem is the selection of patients in the studies, used for the meta-
analysis [58]. Studies using consecutive and selected patient samples of diffe-
rent age-ranges, gathered both retrospectively and prospectively by different 
methods of case finding -i.e. interview or chart review- were taken together 
(table 1). 
Also, in the course of time the type of cardiac surgery studied shifted from sur-
gery for valv: and congenital lesions in the 60s and begin 70s to mainly coro-
nary artery bypass surgery (with or without valve replacement) in the late 70s 
and 80s. Consequently, the patients samples changed with respect to, for 
example, gender and age distribution, surgical procedures and length of extra-
corporeal circulation. Did surgery for valve and congenital lesions concern 
mainly female patients, coronary artery bypass surgery was performed on male 
patients predominantly. Moreover, the mean age increased approximately 10 
years over time. 
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Smith and Dimsdale used the vote-counting method described by Hedges and 
Olkin [61,62] to estimate the underlying population correlation between a risk 
factor and the incidence of postcardiotomy delirium from the collection of se-
lected studies. This method, although appropriate when the only information 
available is whether a relationship was reported to be significant, yields a very 
crude estimate of the population correlation and therefore, confidence inter-
vals should always be added. To be able to draw any reliable conclUSions, at 
least ten studies are needed [62]. In the meta-analysis done by Smith and 
Dimsdale [58] this was only the case for age, gender and time on cardiopulmo-
nary bypass. For example, if three studies are available describing the rela-
tionship between preoperative psychiatric intervention and postcardiotomy 
delirium [58], only three correlation estimates are possible: 0 when none or 
one of the three studies reports a significant relation, .06 when two studies re-
port a significant relation and .60 when all three studies report a significant 
relation. In the last case, the 95% confidence interval for .60 ranges from 0 to 
1 (only positive correlations are estimated), meaning that the population cor-
relation can be anything from non-existent to perfect. This clearly demon-
strates the need for sufficient studies reporting on a possible risk factor. 
This leads to the problem of the power of the surveyed studies. The sample 
sizes are usually small, varying from 10 to 312, "With only 6 out of 44 studies 
describing a sample size larger than 100 [58]. In a sample of 100 cases, a 
sample correlation has to be larger than .20 to be significant. In a complex 
syndrome like postcardiotomy delirium, the correlation between a risk factor 
and the event may typically be lower than .20 or in terms of odds ratios, the 
relative risk may be lower than 1.5. 
Another problem is the publication bias. Non-Significant results are either not 
reported at all or the test results are not given. For example, most studies will 
have at least recorded the age and gender of their patients and, in most cases, 
have tested for a significant relationship. Nevertheless, in many studies not 
even the mean age and/or gender distribution are reported. 
All these circumstances make it, in our opinion, impossible to take the diffe-
rent studies on delirium after cardiac surgery together for a meta-analysis as 
reported by Smith and Dimsdale. Consequently, their conclusion [58] that the 
incidence of postcardiotomy delirium has remained fairly constant over time at 
32% and that, of all the surveyed risk factors, only preoperative psychiatric in-
tervention correlated substantially "With postcardiotomy delirium, is unfounded. 
Therefore, we selected those studies on postcardiotomy delirium in which deli-
rium was well defined and more or less comparable to current criteria [59] and 
examined the possibilities for further analysis of incidence and risk factors. 
METHODS 
The 44 research studies analyzed by Smith and Dimsdale [4-6,8-16,18,21-
31,33,35-45,47-54] were investigated. A literature search was done for the pe-
riod between 1988 and 1994, yielding three more studies on postcardiotomy 
delirium [55-57]. Another ten studies, reporting on the relation between car-
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diac surgery and the occurrence of postoperative delirium [1-3,7,17,19,20, 
32,34,46], not used by Smith and Dimsdale, were found in the references. Of 
those studies using (partly) the same study sample, the most adequate (e.g. the 
one used by Smith and Dimsdale) and detailed one was taken for further exa-
mination. Those studies in which postcardiotomy delirium was well-defined 
and met more or less the current DSM-III-R criteria [59] were selected. For 
example, the group of Heller and Kornfeld judged patients to have a delirium 
when, after a lucid interval of two to five days, they developed illusions, fre-
quently accompanied by difficulty distinguishing between dreams and reality, 
often with disorientation and sometimes progressing to hallucinations and de-
lusions. Although in this definition the attentional disorder and the disorga-
nized thinking in the narrow sense are lacking and the necessity of a 'lucid in-
terval' after surgery before the occurrence of the postoperative delirium is 
introduced, such a definition was considered adequate. In the studies mentio-
ning 'organic brain syndromes' to classify delirium-like and/or neurological 
symptoms [22,31,39,51J, these were not included since it was impossible to 
distinguish 'true' postcardiotomy delirium. Retrospective studies in which de-
lirium was well defined were regarded separately. Studies reporting on selected 
patient samples were excluded as well as studies which gathered patient sam-
ples both retro- and prospectively without specifying where the data came 
from. In one study including children younger than 16 years, we separated 
them from the adult patients, only using the information of the adult patients 
[36]. The selected studies were scrutinized and as far as possible analyzed for 
incidence and risk factors of postcardiotomy delirium. 
RESULTS 
Most, namely 28, of the 44 studies used by Smith and Dimsdale for analysis of 
the overall incidence did not describe delirium at all or suffiCiently enough -to 
draw any conclusions [4,5,9,11-16,18,21,25-29,35,37,38,41,43,47-52,54]. In 15 
studies postcardiotomy delirium was rather well defined [6,8,10,22-24,30, 
33,36,39,40,42,44,45,53]. These studies were supplemented with an ade-
quately defined study published after 1987 [55] and two (out of ten) studies 
found in the literature [7,19]. An overview of all the studies is shown in table 
1. Four pairs of studies apparently used (partly) the same patient sample 
[5/13,30/32,35/37 and 41/44]. Only two pairs of studies [30/32 and 41/44] 
used well-defined criteria, from which the most adequate ones were chosen 
for further examination [30A4]. Six studies reporting on selected patient 
samples or gathering patient samples both retro- and prospectively were exclu-
ded [15,21,24, 29,47,56]. This yielded a total of 16 prospective [6,10,17,19,22, 
23,30,33,36,39,40,42,44,45,53,55] and 3 retrospective [8,40,46] studies for 
further research and analysis of an overall incidence of postcardiotomy deli-
rium and possible risk factors. 
Figure 1 shows the incidences of delirium reported in the 16 prospective and 3 
retrospective studies we selected. For each incidence the confidence interval 
was computed, based on the sample size of the study. The incidences vary 
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considerably and the small overlap of the confidence intervals is a clear sign 
of the heterogeneity of the studies. This means that not all samples are drawn 
from the same population. An important assumption for statistical meta-ana-
lySiS is therefore not met. RegreSSion analysis was used to test the hypotheSiS 
that this heterogeneity is due to reported differences between the studies like 
year of publication, type of surgery, mean age and gender distribution. 
Although the heterogeneity of the patient samples could not be explained, a 
significant relationship was found between year of publication and incidence 
of postcardiotomy delitium (t=-2.11, df=14, p=.05), the later publications 
showing a tendency towards a lower incidence. Since there appeared only 
three retrospective studies just incidences and confidence intervals can be gi-
ven. The big difference between on the one hand the studies of Kornfeld and 
Heller and on the other hand Morin is explained by the different methods 
used and the sample sizes (see table 1) [8,40,46]. Even though results on the 
effect of the possible risk factors age, gender and time on cardiopulmonary by-
pass were reported frequently enough, we decided not to perform a statistical 
meta-analYSiS, since the assumption of homogeneity was not met. 
DISCUSSION 
Even after 30 years and more than 50 studies addreSSing in some way the issue 
of incidence of and risk factors for delirium after cardiac surgery, this question 
remains unanswered. A few reasons for this can be pOinted out. 
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First of all, since the criteria have evolved over time, delirium is not equally 
defined in the studies reporting on postcardiotomy delirium or, even worse, is 
not defined at all, making it difficult to compare the various studies. For 
example, of the 29 studies having postoperative delirium as (the most imporw 
tant) outcome measure, 12 (41%) studies do not use an adequate definition of 
delirium (table 1). An important unresolved and difficult issue in this respect 
is the operationalization of the diagnostic criteria to ensure reliability of rew 
search findings and to allow replicability [63J. In none of the described studies 
the criteria for postoperative delirium are explicitly operationalized. 
Second, consecutive patient samples appear to be no guarantee for homogew 
neity of the various studies. Other factors like the kind of hospital, the area 
served, the number of beds, the experience of the surgeons and the in- and ex-
clusion criteria used, often not sufficiently specified, are probably influencing 
the incidence. Of all the reported differences in the studies, only the year of 
publication is significantly related to the incidence of delirium after cardiac 
surgery, the later publications showing a tendency towards a lower incidence. 
Contrary to the conclusion of Smith and Dimsdale, this may be in line with 
the clinical notion that the incidence of postcardiotomy delirium has de-
clined, possibly due to improved surgical and cardiopulmonary bypass tech-
niques. 
Furthermore, it is hard to judge the statistical merits of the studies when the 
data and statistical techniques are insufficiently described. An example of 
poor statistical quality is the article of Tufo et al [23J. They report the rela-
tionship between cerebral damage and age groups to be highly Significant, 
which it is not when the frequencies in the accompanying table can be truSw 
ted. Also contrary to the reported result, the relation between cerebral damage 
and blood pressure during bypass appears to be Significant. In general, the sta-
tistical results could not be reproduced from the reported data. This seriously 
hampers statistical meta-analysis. 
In conclusion, most of the results of the studies reporting on postoperative de-
lirium after cardiac surgery are not comparable. Nevertheless, the careful con-
clusion may be drawn that no strong risk factor has been identified and that, 
even if prospective studies using consecutive patient samples with more or less 
well-defined criteria for delirium are selected, the inddence of postcardiotomy 
delirium has probably decreased. 
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Delirium after cardiac surgery: a review of the literature (contd.) 
author year no.of 
patients 
McClish." 1968 19 
0/0 mean 
". 
28/Ell 1±24 
selection !methods 1 incidence 
56 adults and 23 Children; conse<:utive; open-heart prospective; pre·OP+post-OP interview and behavioural assessment by an 6% \maJoll 
surgery for Bortic, mitral and congenilallesions; inter· anaesthesiologist, directed at tracing 'minor&major psychiatrIc reactlons' 13%\mlno,) l-c, 
Henrichs. 1969 1:3 I "," I'"" .~_-+=~-+I=~_ly ... nHon \diazepam PO,n-42) and control rou (0_311 (3-4",da durin\! ± 1 week! lncUnformation s\all . __ ~~ - adults 16-61 years; consecutiva; open-heart surgery prospective; pre·OP+post·OP (bolora dFScharge) psychological evaluation (54)" 
Javid. 1959 100 
h<im·hau." 1969 154 
I Mor;e" 1969 )39 
RUbi~stein"11969 136 
Heller" 1970 
" (100)" 
I Mo" 1910 
" (100)' 
Danilowitz" 1971 1)56 
2)56 
Fre.yhan. t971 
'" (160)* 
layn ... " 1971 1)40 
2)18 
3)20 
(24130) _ for aortic, mitral and congenital lesions -t",,""',::",,'oc;:c:;o;coocc;c;;;o 
? 46.9 >21 years; consecutive; aortIc and mitral vJlva prospective; pre-OP; standardized neurologic Jnd mental status 35% 
21/33 
15121 
" 
160/60 
32/24 
63/91 
11l+2)~ 
341241 
" 
rej>lacement, surgery for congenital and anaurysm examination; post-OP; daily standardized neUrologic and mental status 
lesions leXaminallOn+observatiOn staff 18-12 years; consecutive in two periods; surgery for prospective; pre-OP psychiatric interview directed at anxiety, Me-style and Jortic valve, m;t,al valve and congenital lesions orientation at the future; post-OP observaHon+chart·rcviow+lnformation of 
behavioural 
disturban~ 
n_9~16.6% 
;~,Cc::=c::c::;=:;:c=:c:--;;;;:ifstal!and relatives 
delirious group (n~20) \($. matched cOn\<OI{lfOUP (n 19); I retrospective cas ... ·contro! design; pa,t 01 a larger PO study; post·OP unknown for car-
psY~i:'ialrlc evaluation (ched(ist,_.regularly) incl. informalion. staffHelatlves diac pts only _ cardiac (open+Closod) and gr".at vessel surgery 
20-69 years (most patients In age group 40-49 y,s); prospective; pre'OP psychiatric evaluation.standardized mental slatus 31% 
consecutive; cardIac surgery for aorlic valve, mitral lexamination; posl'OP daily slandardi,ed menla! status ex. incl. information 
I Ivalve and congenital lesions staff (excl.pts. without a 'Judd lntcrvJ1') 
~":> 18 years; ra,-;d"';';:':' selection; aortIc an'd'~itrJl valve plospective; pre-OP~ psychiatric intcr:.j·cw+mantJI status examinalion+ I n_21_24% 
2129.1 
replacement, mit,al commissurotomy, congenital psychometric examination (various tests); post·OP; daily psychIatric 9% PO-OBS~ 
dolect repaIr and miscellaneous Intcrvicw+chart review, day 2 PO psychologic tests, day 7 PO mOre eXlen-
:CCcc:;;::-cc::;-c===~--lsive I n~.?rvle\·l+sCJling o.~ psychopatllologic lindings 
31·65 years; consecutive; aOr\ic- and milral valve prospeclfvo; pre·OP+post OP standardized neurolo9ical and mcntJ( status 124-31.43% depen~ 
replacement and repair, surge,y for congellilal examination (regularly) lncl.psychometric examination pre-OP and befor... ding On sever;ty# 
defects, aneurysm resection 
1)16-55 years old En9lish'speaking VOrsus 2) 15-59 
years old non-English-speaking matched (for age. 
sel<, type and severity 01 heart disease, date and 
typ ... of operation) patients; cardiac surgery for 
discharga 
both ret,ospective (6 yrs) as prospective (3 V's); chart review and direct 
observation m 
n~29:034% 
1)3.9% 
2)29.4% 
-
I"'" 
I ICong ... nital and valvular defects &"'1. 10·65 years; unse(ected sampla of a-II patients under· prospective; pr';:'OP; standardj~~d psychiatric evaluation; post.op; dally --62% 
1'l+2)~ 
" 
going open·heart surgory for mIscellaneous lesions psychiatric interview+ohservations (pO psychopathological profila) 
esp. valva lesions; 
51%)" 
psychiatric 
svmptoms) 
:> 14 years; consecutive; 1)axperimental cardiac (pre- Iprospective; pre-OP; gwup 1 extensIve Interviaw+slandard questionnaire+ II) 10% 
OP lnterview)group versus 2)control cardiac group neurologic examination, group 2+3 neurologic examination; post-OP; daill' 2) 22% 
v ... rSUs 3) cont.ol vascular group; 1)+2)~su,gery for ImentJI status examination .. neurologic examination day 2 PO 
aortic and mitral valve and congenital lesions, 3)~ 
resection aneurysm aortae {on19). coronary artery 
bypass graft (n~1) 
3) 0% 
~ 14% 
:~ , ~ l~ '~ '~ 'i '0 '~ '1 'I '<_~ 
-.I: ~t ~ ~ ~ :: "'i: ~ ~ .- .!: ~ ~ L-_'_L_.l ____ , __ ~,, ___ ~__ ....l_~ __ ic8 ___ LW ____ ~_....l_~ __ CW_~ _ __'_~ ____ .....J 
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author year no.of ~19 mean jselection Jrnethods j incidence 
patients 
'" 
Me .... .,;n" 1977 30 2812 
" 
~_j 40-<1 ,eo,,, ,o",~otiw, "'""''Y ,rt''Y ',"''" ,,,ft prospective; pre·OP: structured Interview with patient and his spouse; j33% 
post·OP; daily mental status examination+information personnel and 
I 1978 hoD' .. "" famil ____ Kornfeld'" '3(1 52.1 35-65 years; consecutive; coronary artery bypass prospective; pre·OP: standardiled psychiatric interview, personality tests; n~28~28% after a 
sUlgery post-OP; psychiatric interview+chart review (each dayl,lntensive lucid interval; 
f-c-c.-, 
1,979 11) 24 .. -- psychiatric evaluation (d~y 7. pO.s!:9l'l 1% PO_OBSA HeUer 1816 
"" 
1128·76 years; aortic valvo replacement (+ coronary retrospective, blind (for cardiac output) chart review for signs of delirium 1)46% 
2) 24 7/17 54.2 artery bypass) after a lucid interva!, described by tho medical slaff 2) 29% 
2) 30-76 years; mitrel valve re lacemenl 
Sadlert" 1979150 elective surgery; excl. pts. with preoperatiVe prospective; post-OP: assessment interview (+delJrium assessment 72%? or 
p.s~c.~iatric disturbances or other diseases checklist) every evenin.Q. of tho first week PO . __ ~
Summers " 1979 27 consecutive; cardiae surgery for coronary artery prospective; pre-OP: standardized interview for psychiatric disturbances n~6==22% 
(30)* disease and valve lesions (Feigner criteria) and intellectual functionIng; post·OP; at least 5x 
standardized Intervlew+chart review 
~-----
Kollka."-ri980 1204 66 14..83 years; consecutive; 50% of tho pts.underwent prospective; pre-OP; history, no evaluation; post-OP; interview of most of 37% 7 esp. dis 
coronalY artery bypass graft as the sole surgical pro- the pts. and their family, 3·7 days follo;ving operation for neurologic and orientation or 
cedure and 7; no pts. were excluded from the study neuropsychological abnolmaliUes. supplemented by chart revle":,,. memory loss 
Sadlert" -} 1981 150 I, !54.1 1~8-=-72 yea~s; excl. pIS. with preoperative psychlat~ic prospective; post-OP; assessment interview (+delirium assessment check· 727'0? or 
disturbances or other diseases; aortic and mitral list) every evening of tho first weok PO n=6=12% 
valve re[,lacement commlssurotofTly.al"!d 7 
Tune " I 1981 129 j 17/12 I" !:~9.75 years; mitral valve replacement (0=15) and prospective; pre-OP; MMSE, perceptive function (with tachlscope) and n=IO=34% 
aortic valve surgery (n=14) reaction time; pOSI'O?: mental slato examlnatlorl+pre·OP tests. 24 hours 
after surgerY l!!1d 3 times a week for the next 2 weeks 
Morio" 1982 2811 
\: \" \ '"'"""Y '""Y '''''"' ",'"' ",',,,m,"', "'9"Y 
retrospective chart review for delirium according to DSM-III criteria 3% 
for congenital defects. aneurysm resection 
Owens " 1982 1)32 54.1 ;;,.18 years (21-74 yrs); consecutive; elective cardiac prospective; random assignment to experimental (pre-OP education) or 1)19J32----... 
2)32 surgory {esp. coronary bypass and valve replace~ control group, pre-OP; standardized interview directed at eHelting evi· 2)25/32 56% 
men\} excl. pIs. with a history of psychiatric or dence of cognitive Or sensory disturbances; post·OP; Interviews on day 'unusual 
organic braindisease; 1) pre-OP Intervention vs. 4·8+ chart review experiences' 
2) controls 
Slogoff.<' I 19821:11110 100/10 55.0 adult pIs. without neurologic or psychiatric illness; prospective; random assIgnment to group 1 or 2; pre·OP standardiled 13.2% 
2) 94 78116 54.6 elective coronary artery or open ventricle cardiac neuropsychiatric evaluation; post·OP day 1.4 and 10 standardized neuro- psychiatric 
surgery; .1) thiopental p.r.~:9P vs. 2) controls s chlatric evaluation+ Irailmakin test da 4 '.abnOfJIlalitios' 
Naber." 119851~3 alld 54±12 consecutive; aortic valve replacement prospective; pre-OP+post-OP (day 3,6, 12); psychiatric ex.and standard 13.0,21.7% or (26)' behavioural ratings; pre·OP+post·OP(day 12): psychological question- 34.7% 7 
na!re.~. measuring aoxieJy stress a!![,raisal and CO[,iflg s!Yl!!Jp'!".e-OP) 
Quinless" i 1985 ! 107 79/28 57.5 consecutive patients, excluding pts. with a psy,hiatric prospectiva; pre-OP: intervim.'1 and psychometric tests; post·OP: 11·item all patients n had 
diagnosis, severe auditory/visual impaIrment, nOn· behavioural checklist by nurses during the first 2 days PO. A positive score some degree of 
Engllsh speaking; elective cardiac surgery mostly for on only one of the items evidently meant already 'some degree of pSI" psychosis? 
coronary artery bypass graft (80%) chosls'? 
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author year no.of 19 mean selection methods incrdence 
patients ". 
Shaw." 1985 312 76/36 53.4 33·70 years; elective coronary artery bypass exel.: prospective; pre·OP; detailed clinical neurological+ neuropsychological 1% PO-psychosis; 
emergency surgery, stay on LC.U.lmmadiate before (10 standard tests) assessment; post·OP: daily neurological assossment; 3% PO·OBS" 
surgery, those admitted less than 24 hours before day 7 PO repeat psychometric testing 
surgery and those who did not speak English 
Nuss- 1986 1)89 0/29 67 1) thiopental peroperative vs 2)control patients; prospective; controls matched for sexe and age; pre-OP: standardized· 1) 5/89? 
meyer." 2)93 4/29 55 elective, first·time open·heart surgery (valve replace- neuropsychiatric evaluation; post·OP; standardized neuropsychiatric 2) 4{937 
ment or repair, aneurysm resection, closure of soptal evaluation day 1 and 5 
defect oxcl. pts. with psychiatric or neurologic abnor-
alities or a histo eVAor other neurolo ic disease 
Calabrese " 1987 
" 
"<5 58.5 40·75 years; o;:onsecutive; elective, first time-coronary prospa<;tive; pre'OP; psychiatric evaluation (SADS, HDRS. HARS, mental n~4~6.8%; all pts 
artery bypass status); post-OP mental status examination; pre·OP+post-OP (day 6); delirious while 
neuropsychological assessment(several instruments} on I.C. 
Harrell." 1987 27 14/13 59.5 2079 years; consecutive; valve replacement (n-3); prospective; pre·OP; medical and psychiatric questionnaire+MMSE; 1 
corona ,"e b ass n_24 ost-OP; dailv MMSE+sleep parameters 
Carella." 1988 87 
"<5 54 53-69 yoars; consecutivo, male patients; elective prospective; pre- and post-OP/day 8 PO); standardized neurological-, n_3=3.4% {9W coronary artery bye ass sur!'lery ,sychiatric· and psychometric evaluation (BPRS+several instruments) 
Edmunds. 1988 100 41'>6 83.1 ~80 years (80-97 yrs); consecutive patients with unknown method; postoperativa delirium Is mentioned as a postoperative 12% 
advanced cardiac disease; excL domentia and dis· complication 
abring non·cardiac problems, precluding an (semi) 
independent life;a!! surgery for aortiC va1ve-, mitral 
valve· and/or coronary artery disease, anaurysm 
resection 
Folks." 1988 39' 42/49 30-67 (study patients 46·65, mean age 60) years; prospective, case {MMSE<20. n~25)-contfOlied (MMSE_30) design; pre- 5.6% 
17/5 65 coronary artery bypass surgery exel.: women of OP+post·O? (day 4); standardized psychiatric interview Hnc1.self·report PO-OBS~ acc. 
tudypt child·bearing age, a history of psychiatric disorder, psychiatric instruments for deprosslon, anxioty, psychosocial adjustment DSM·III 
sociopathy, cerebral infarct, dementia, substance and cognition) o;:riteria 
abuse and ege ovar 65 
• = study-outcome not (only) delirium # = group I: o;:onfusion+disorientalion+delirium=24% (certain delirium) ~ = postoperatlve deaths included 
PO·OBS = postoperative organic brain syndrome 
o!!o = (partly) same sftJdy popula/ion ? 
group 2: confusiontdisorientation=10% (probable delirium) (I = (partly} same study population? 
group 3: confusion only=9% (possible delirium) f= same study popUlation 
(partly) same study population 1 
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OCCURRENCE OF DELIRIUM 

Chapter 3.1 
THE ROLE OF AMINO ACIDS AND 
NEUROTRANSMITTERS: 
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INTRODUCTION 
In general, delirium is considered a non-specific psychopathological manifes-
tation of global cerebral dysfunction as a response to a variety of insults to the 
brain [1,2]. A large number of determinants and intervening pathophysiologi-
cal mechanisms may result in a relatively circumscribed set of symptoms i.e. 
delirium [2]. In 1959, Engel and Romano were the first to describe delirium as 
a "syndrome of cerebral insufficiency" owing to a reduced cerebral metabo-
lism [3]. Since then, delirium is generally viewed as a psychopathological and 
behavioural expression of widespread reduction of cerebral oxidative metabo-
lism and imbalance of neurotransmission [2]. This may be due to a lack of 
o)..),gen, glucose or aminoacids, to a vitamin deficiency, to deficient syntheSiS, 
blockade or imbalance of certain neurotransmitters, to accumulation of toxins 
or false transmitters, to an altered cerebral blood flow, to an increased perme-
ability of the blood-brain barrier, to hyper- and hypothermia and to damage 
to cell membranes; to name a few possible pathophysiological mechanisms 
[2]. Reduced level of consciousness, the key symptom of delirium as manifesw 
ted by a disordered attention and arousal, is usually associated with dimiw 
nished cerebral substrate supply and altered metabolic rate (CMR) and/or 
blood flow (CBF) in (certain areas of) the brain. CBF and substrate (oxygen, 
glucose or aminoacids) supplies may be adequate, yet CMR may be reduced 
and the level of consdousness lowered. In the latter case, a reduction in 
neuronal activity and a corresponding drop in energy demand are likely to oCw 
cur [2]. On the whole, there is a coupling of neuronal activity, CMR and CBF. 
However, nothing is knO'Wll about the precise pathophysiological processes by 
which delirium is mediated [2]. It seems quite probable that delirium involves 
more than one pathophysiological mechanism and that different, spedfic 
neuronal systems in the brain are important in the occurrence of (certain asw 
pects, clinical subtypes or particular kinds of) delirium [1,2,4,5]. Although 
there is debate whether in delirium there is a more localized or widespread in-
volvement of both cortical and subcortical structures, the few studies of cere-
bral metabolism in delirium are consistent with the idea of different forms of 
delirium, based on different pathophysiological processes and the disruption 
of specific neuronal systems [1,2,6]. 
The neurophysiological basis of the control of normal attention and arousal, 
uniquely disturbed in delirium, is still poorly understood and little is knO'Wll 
about the Changes occurring with aging, an important risk factor for delirium 
[2]. Knowledge about the involvement of the different brain neuronal systems 
in the proces of aging, espedally those concerning attention and arousal, may 
clarify the underlying pathophysiological mechanisms in delirium. 
ATIENTION, AROUSAL AND THE SLEEP-WAKE CYCLE 
Impairment of attention and arousal, with hypow or hyperalertness, is an inva-
riably present, core feature of delirium, resulting in decreased concentration 
and distractibility [see chapter 1.2]. The nonnal functions of central arousal 
systems (the Ascending Reticular Activating System -ARAS-, generally viewed 
as extending from the thalamus, basal forebrain, hypothalamus and more 
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caudal brain stem to the cerebral, especially frontal and prefrontal cortex) are 
to regulate sleep and waking [1,2]. Research evidence indicates that the ARAS 
has many components such as the ascending noradrenergic, dopaminergic, 
serotoninergic and cholinergic systems, whose action seems to mediate diffe-
rent aspects of arousal, as well as attention and motivation [2]. Disorders of 
these different cortical afferent projections may relate to the pathophysiology 
of delirium [1]. The regulation of the sleep-wake cycle also involves various 
neuronal systems and a number of neurotransmitters: Cholinergic, serotoni-
nergic and noradrenergic pathways appear to play an important interactive 
role in this. 
Given the paudty of electrophysiological and neurochemical research in deli-
rium and the complexity of the hypotheses on arousal, sleep and waking regu-
lation, it is speculative to draw any conclusions about the relationship be-
tween the occurrence of delirium and abnormalities of these important 
functions. Besides, many data concerning the possible regulation-mechanisms 
of (higher) cerebral functions are derived from animal-research. 
THE NEURONAL BASIS OF DELIRIUM 
DELIRIUM AND CHOLINERGIC DYSFUNCTION 
The central cholinergic system appears to be particularly vulnerable to all 
kinds of insults especially to diminished availability of either glucose or oxy-
gen. It has been suggested that a reduced synthesis of acetylcholine is the final 
common pathway of delirium [5,6]. Since the synthesis of neurotransmitters 
consumes only small quantities of ATP, this is not necessarily due to a general 
impairment of energy production in the brain. In general, a more likely cause 
of neurotransmitter failure with disturbed brain metabolism is substrate defi-
ciency [5]. The synthesis of cerebral acetylcholine is easily endangered since 
its precursor acetyl-coenzyme A is also an important, rate-limiting factor of 
the, oxygen and glucose demanding, aerobic citric acid cycle (figure 1). 
Although less than 10/0 of the glucose or pyruvate that is oxidized is incorpora-
ted into acetylcholine, carbohydrate catabOlism, the synthesis of acetylchOline 
and oxidative processes in the central nervous system are closely linked (figure 
1) [6]. Insulin-induced hypoglycaemia and nicotiniC acid and thiamine defi-
ciency have been shown to reduce the acetylcholine synthesis and transmis-
sion in the brain of animals, an effect that is (partially) reversible by admini-
stration of a central acting acetylcholinesterase inhibitor [5,6]. 
Hepatic encephalopathy (HE) may be partially caused by a reduced rate of ace-
tylcholine syntheSiS due to the diversion of acetyl-coenzyme A into the citric 
acid cycle necessary for the increased conversion of alpha-ketoglutarate in glu-
tamate and glutamine caused by the toxic levels of ammonia (figure 1) [5]. In 
this way the excess of ammonia in the brain also has a negative influence on 
the cerebral energy production by interfering vvith the energy producing citric 
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Figure 1 
The citric acid cycle 
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acid cycle [7]. 
Evidence to date suggests that only a few neurotransmitters (the catechola-
mines, serotonin, acetylcholine, GABA, histamine and glycine) are subject to 
aminoacid precursor control [8]. Choline availability is a major factor in the 
synthesis of acetylcholine [8]. A decreased cerebral supply of choline, for 
example as a consequence of diminished precursor availability of fosfatidyl-
choline and/or the methyl donors methionine and serine, or reduced incorpo-
ration of choline into acetylcholine due to hypoxia and hypoglycaemia affects 
acetylcholine synthesis [6]. The changes in acetylcholine synthesis as a conse~ 
quence of the aforementioned mechanisms occur without alterations in the 
levels of cerebral acetylcholine, indicating that diminished release of acetyl~ 
choline underlies the reduction in formation and neurotransmission [6J. 
Furthermore, experimentally as well as clinically, anticholinergic agents that 
can cross the blood~brain barrier, appear to be strongly deliriogenic, indicating 
that the disturbance of the central cholinergic neurotransmission plays an im~ 
portant role in the occurrence of (certain specific kinds of) delirium 
[1,2,5,6,9]. Elderly patients and patients with dementia of the Alzheimer's 
type are espedally prone to this deliriogenic effect, because of their already 
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less functional cholinergic system [5,6]. A positive association has been found 
of anticholinergic activity in serum, plasma (and CSF in patients with spinal 
anaesthesia) with (postoperative) cognitive impairment and delirium [9,10, 
11J. Delirium associated with anticholinergic agents can be reversed by the 
anticholinesterase inhibitor physostigmine [1,2,5,6]. 
The central chOlinergic system is widespread distributed throughout the brain 
and known to be involved in the regulation of arousal, attention, memory 
processes and REM-sleep, all functions disordered in delirium [1,2,5,6]. Thus, a 
decreased acetylcholine synthesis and cholinergic neurotransmission due to 1. 
substrate deficiency (glucose, oxygen, acetyl-coenzyme A and choline), 2. a 
blockade of the cholinergiC transmission by anticholinergic agents and 3. a re-
lative impairment of the cholinergic system as a result of the overactivity of 
other neurotransmitter systems, are probably important contributors to the 
occurrence of (some types of) delirium, especially in elderly subjects and in 
patients with dementia. 
DELIRIUM AND MONOAMINERGIC DYSFUNCTION 
Like the cholinergic system, the monoaminergic systems (consisting of the ca-
techolamines: dopamine, adrenaline and noradrenaline and the indolamine: 
serotonin) are supposed to be involved in the control of the sleep-wake cycle 
and the maintenance of arousal. Most probably, the two systems interact, 
with the cholinergic mechanism increasing attention while selectively inhibi-
ting the more automatic motivational and affective responses to stimuli me-
diated by the monoaminergic arousal system [5]. Besides, the cerebral seroto-
ninergic neurons projecting from the midbrain raphe nuclei of the brainstem 
to widespread areas of the cerebral cortex, are involved in functions such as 
(the control of) aggressive and impulsive behaviour, anxiety, mood and motor 
activity and may well play some role in the pathophysiology of (the hyper-
alert-hyperactive type of) deiirium [1]. Raphe neurons show prominent chan-
ges with behavioural activity: most active in wakefulness, less active in slow-
wave sleep and least active in REM sleep, an effect more linked to muscle 
activity than to the actual state of arousal. 
An increased dopaminergic release and transmission is known to cause psy-
chotic disturbances and the effectiveness of antipsychotic medications in trea-
ting the hallucinations and delusions, frequently seen in delirium suggests 
that this system also may be involved in the pathophysiology of these symp-
toms of delirium [lJ. 
The (nor)adrenergic neurons projecting from the locus coeruleus to wide-
spread areas of the cerebral cortex show striking alterations in discharge rates 
with the state of arousal: highest in wakefulness, less during slow-wave sleep 
and near silence during REM sleep [1]. However, the locus coeruleus does not 
seem to play an important role in the normal regulation of the sleep-wake 
cycle, but more in the modulation of attention [1]. Furthermore, the noradre-
nergic system is important in mood and anxiety regulation. 
Also, the cholinergic system is not the only cerebral neurotransmitter system 
45 
sensitive to all kinds of insults. The synthesis of catecholamines and indole-
amines is vulnerable to a defidency of oxygen and precursors as well [5,6]. 
The rate-limiting step in the synthesis of the monoamines dopamine, noradre-
naline and serotonin, as well as their degradation, require oxygen [6]. The sig-
nificance of inhibition in synthesis is controversial, since during stress the de-
pendence of amine synthesis on oxygen availability is abolished [6]. Contrary 
to the inhibiting effect on the release of acetylcholine, hypoxia does not alter, 
both in vitro and in vivo, the release of noradrenaline or serotonin and increa-
ses extracellular dopamine [1]. This Change in extracellular dopamine may 
contribute to cell death and also to the behavioural Changes that accompany 
delirium [6]. 
Dysfunction of cerebral monoaminergic systems, especially the serotoninergic, 
may, next to an increased synthesis of glutamine and dysfunction of the cho-
linergic system, contribute to HE (figure 1). In liver disease there is an increase 
in the aminoacids tyrosine and tryptophan (the precursors of the catecholami-
nes and serotonin, respectively), as a consequence of impaired hepatic oxida-
tive deamination. Contrary to the synthesis of dopamine and (nor)adrenaline 
from its precursor tyrosine, the rate of synthesis of cerebral serotonin is di-
rectly affected by changes in the plasma level of its precursor tryptophan 
(TRP) [5,8]. In addition, the excess of glutamine (via increased ammonia) in 
the brain may stimulate the cerebral TRP-uptake and by this the synthesis, re-
lease and function of serotonin [7,13]. The increased activity of cerebral sero-
tonin may be partly responsible for the clinical picture of HE, which resembles 
the so-called "serotonin syndrome", described in patients using a Selective 
Serotonin Re-uptake Inhibitor or TRP and Mono Amine Oxidase-Inhibitors at 
the same time, being characterized by psychiatric symptoms as confuSion, 
hypomania and agitation and neurolOgical symptoms as clonus, hyperreflexia, 
inco-ordination, increased transpiration, tremors and also diarrhoea and fever 
[7,12,13]. In HE, the increased production of other metabolites of TRP like 
tryptamine, quinolinic acid and substances like tyramine and octopamine 
may be a source of false neurotransmitters, interfering with normal neuro-
transmission [5,7]. However, the role of false neurotransmitters in HE has to 
be established. 
Alcohol withdrawal delirium is another fonn of delirium associated with mo-
naminergic dysfunction, in particular of noradrenaline [2]. The levels of nor-
adrenaline and its major metabolite, 3-methoxy-4-hydroxy-phenylglycol 
(MHPG) are elevated in the alcohol withdrawal syndrome. Repeated with-
drawals may lead to so-called "kindling" and successively enhance noradre-
nergic overactivity [2]. In any way, symptoms of alcohol withdrawal (deli-
rium) are more likely due to rebound hyperexcitability of the CNS and 
chronic changes in neuronal receptor populations (supersensitivity) rather 
than to acute metabolic disturbances [5]. For example, alcohol withdrawal has 
been shown to be associated with increased central beta-adrenergic receptor 
sensitivity [5]. It is possible that this enhanced noradrenergic activity under-
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lies some of the core characteristics of the alcohol 'Withdrawal delirium, such 
as hyperalertness, hyperactivity and overactivity of the sympathetic nervous 
system [2]. EEG changes in alcohol withdrawal delirium are different from 
those found in delirium due to other causes, suggesting different pathophysio-
logical mechanisms [2]. 
TRP metabolism, cerebral availability and thus central serotoninergic function 
in man are like'Wise shown to be influenced by acute and chronic alcohol con-
sumption and subsequent withdrawal [14J. The findings to date are contradic-
tory, but chronic alcoholics appear to have decreased pla~ma TRP concentra-
tions and ratios of TRP to the other competitive amino acids (although also 
decreased), possibly due to nutritional deficiencies. However, these abnormali-
ties in TRP metabolism may also be of a metabolic (alcohol enhances hepatic 
TRP pyrrolase activity in the absence of any increases in concentrations of cir-
culating cortisol and TRP) or genetic nature [14]. In rats, alcohol withdrawal 
has been shown to cause an enhancement of liver TRP pyrrolase activity lea-
ding to a decrease in the availability of Circulating TRP to the brain 'With a 
consequent inhibition of cerebral serotonin synthesis. This pyrrolase enhance-
ment during 'Withdrawal appears to be of the hormonal type, which is sugges-
ted by the observed correlation with the elevation of drculating cortico-
sterone concentration [14]. 
Summarizing, one could hypothesize that alcohol 'Withdrawal (delirium) may 
be the result of a strongly imbalanced neurotransmission in the brain, caused 
by overactivity of the noradrenergic system due to elevated levels of cerebral 
noradrenaline in combination with supersensitivity of the alpha-adrenergic 
receptors and to decreased function of the serotoninergic system owing to the 
generally reduced cerebral TRP availability in chronic alcoholics, even more 
aggravated by the glucocorticoid mediated enhancement of the hepatiC TRP 
pyrrolase under these stressful circumstances [15J. Besides, these changes in 
adrenergic and serotoninergic activity in the brain very probably influence the 
function of the other neurotransmitter systems as well. 
In humans, chronic levodopa treatment may give rise to serious sleep and psy-
chotic disturbances and even delirium, related to the dose and duration of le-
vodopa therapy and possibly associated with concurrent cerebral atrophy 
[2,16]. Nausieda et a1. [16] concluded that fragmentation of the sleep-wake cy-
cle and sleep architecture, as well as altered dreaming precede the develop-
ment of the psychiatric symptoms. They postulate that these symptoms may, 
next to increased mesolimbic dopaminergic activity, also be due to changes in 
serotoninergic function, since levodopa reduces plasma and brain levels of 
TRP by competing with TRP for uptake from the gut and at the blood-brain 
barrier. This would initially reduce central serotonin levels (decreased acti-
vity), later on, through chronic shortage of TRP, followed by sensitization of 
the serotonin receptors (increased activity) [2,16]. The inconclusive results of 
L-TRP treatment and S-hydroxytryptophan in patients, exhibiting psychiatric 
symptoms while receiving levodopa may be explained by different stages of 
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the disease (with a different degree of intellectual impairment) and the treat-
ment duration with levodopa [17]. 
DELIRIUM AND DYSFUNCTION OF OTHER CENTRAL 
NEUROTRANSMITTTERS 
Only a small proportion of the neurons in the brain are cholinergic or mono~ 
aminergic and it is possible that impairment in the function of other neuro~ 
transmitter systems also contribute to the clinical picture of delirium [5]. In 
fact, the most prevalent neurotransmitters in the brain are gamma-aminobu-
tyric acid (GABA), a major inhibitory neurotransmitter and glutamate, a major 
excitatory neurotransmitter, both intimately involved with the energy produ-
cing citric acid cycle (figure 1). Therefore, like the cholinergic and monoami-
nergic systems, they are vulnerable to metabolic disturbances. 
An increased cerebral GABA activity has been associated with the hypoalert-
hypoactive clinical picture of HE [1,5,7]. The GABA receptor is a postsynaptic 
receptor complex with separate receptors for GABA, benzodiazepines and bar-
biturates [7]. By increasing the GABA receptor binding, benzodiazepines en-
hance GABA activity. GABA is produced by the gut flora, but is normally pre-
vented from reaching the brain by liver metabolism and the blood-brain 
barrier [5,7]. In liver failure GABA enters the systemic circulation and, because 
of the pOSSibly increased blood-brain barrier permeability, may result in an in-
creased cerebral GABA-ergic neuronal inhibition, probably giving rise to the 
hypoalertness and hypoactivity seen in HE [5,7]. However, in patients with 
HE, nonna! concentrations GABA in liquor cerebrospinalis and post mortem 
brain tissue have been found as well as a nonnal number of GABA-benzodiaze-
pine~receptor complexes, so it remains uncertain whether the GABA-ergic sys-
tem is of importance in causing HE [7]. Withdrawal of benzocliazepines, some~ 
times causing a delirious syndrome of the hyperalert-hyperactive type, has 
been associated with a transient decrease of GABA inhibitory function [5]. 
The syntheSiS of glutamate, a glucose-derived aminoacid, is altered in anaemic 
hypoxia, hypoxic hypoxia and thiamine deficiency. POSSibly, an excess of glu-
tamate (like an excess of dopamine) can be implicated in cellular damage and 
some features of delirium [6]. 
Histamine also seems to be an important neurotransmitter in normal arousal, 
as demonstrated by the sedative effects of antihistamines [1]. The relevance of 
disturbances in histamine function to delirium is to date unknow'Il. 
Other substances reported in the literature to be pOSSibly associated with the 
occurrence of delirium are beta-endorphin (an endogenous opiate peptide) 
and cortisol. Cortisol, an important (TSH~release-inhibiting) honnone that can 
account for changes in behaviour and cognition, has modulating effects on 
both the limbic system of the brain and the immune system [18]. In one preli-
minary study plasma beta-endorphins and cortisol were increased in three 
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postoperative delirious patients compared with four non~delirious patients, 
correlating with the length of the surgical procedure [19]. Moreover, normal 
plasma circadian rhythms of both beta-endorphin and cortisol were comple-
tely abolished in the delirious patients during the 48-72 hour postoperative 
period in which the patients became delirious [19]. This finding was not con-
firmed in another study, concerning 23 patients (of whom 8 became delirious) 
undergoing aortic valve replacement [20J. It may be that beta-endorphin dys-
function increases susceptibility to delirium, but the evidence to date is sparse 
and inconsistent [19-22]. Koponen et al. found a significant reduction in cere-
brospinal fluid beta-endorphin-like and somatostatin-like immunoreactivity 
(with a declining trend associated with increasing cognitive dysfunction, as 
measured with the Mini Mental State Examination, a screening test for cogni-
tive dysfunction) in respectively 69 and 67 elderly delirious patients compared 
with 19 non-delirious controls of the same age [21,22,24,25]. However, a ma-
jor flaw of this study is that the delirious patients were recruited from new ad-
missions to a psycho geriatric ward of a psychiatric hospital, most patients ha-
ving premorbid structural brain disease (Alzheimer's disease, Multi Infarct 
dementia and Parkinson's disease), in contrast with the cognitive intact con-
trol patients [21-25J. The authors themselves finally conclude that dysfunc-
tion in beta-endorphin and somatostatinergic neurons is a common feature in 
at least more severe cognitive disturbances, but very probably play only a mi-
nor role in the pathophysiology of some symptoms of delirium, since there 
were no differences in the beta-endorphin and somatostatin levels betvveen re-
covered and still delirious patients during follow-up [21]. These reductions in 
beta-endorphin and somatostatin levels probably reflect degeneration of the 
concerning neurons already before the onset of delirium, due to degenerative 
diseases of the brain [22-25J. 
Another substance that may be involved in the pathogeneSis of delirium is the 
endogenous pyrogen interleukin-l (IL-l), which is released from cells follow-
ing a wide range of infectious, inflammatory and toxic insults [5,26]. IL-l is 
invol~ed in eNS functions as thermogeneSiS, induction of slow-wave sleep 
and release of pituitary hormones like corticosteroids [19,26]. The use of lym-
phokines like interferon, IL-2 and lymphokine-activated killer cells is associa-
ted with a dose-dependent development of cognitive and behavioural chan-
ges, including delirium, possibly caused. by changes in neurotransmitter levels 
of noradrenaline and serotonin in the brain [19,26]. 
DELIRIUM AND THE ROLE OF SECOND MESSENGER SYSTEMS 
Since multiple neurotransmitter systems may be affected by the different etio-
logies in a variety of ways, perhaps more fundamental processes in the neurO-
nal cells are disturbed i.c. the second messenger system [6,27]. The second 
messengers (calcium, the phosphatidylinositol (PI) cascade and the cyclic nu-
cleotides AMP and GMP) are signal transduction systems of importance in the 
synthesis and release of neurotransmitters. The signals relayed by the neuro-
transmitters are translated into cell function postsynaptically by second mes-
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senger systems. Thus, alterations in second messengers may either reflect di-
rect action on the cell or changes that are secondary to the alterations in 
neurotransmitter release [6,27]. For instance, experimental research on brain 
slices has shown interrelated alterations in calcium, cyclic AMP and GMP and 
the PI cascade under hypoxic circumstances [6J. 
NEUROPHYSIOLOGY OF AGING 
Elderly persons are especially prone to develop delirium and age over 60 years 
appears to be a main risk factor for delirium. Despite the fact that the pathoge~ 
nesis of delirium in elderly does not seem to be different, age-related changes 
in the brain, in particular in stress regulating and neurotransmitter systems 
and second messengers very likely playa major role in the higher incidence of 
delirium in elderly [1,2,6J. The cholinergic system is altered by aging through 
selective cell loss. The decline in synthesis and release of acetylcholine paral-
lels the decrease seen in hypoxia and ischemia [6]. Deterioration of choliner-
gic function is thought to be related to the cognitive decline associated with it 
[2,6]. In aging, there is also some loss of midbrain dopamine neurons with re-
lative preservation of postsynaptic receptors. However, the basal release of do-
pamine and glutamate, two neurotransmitters associated with cellular da-
mage, in vivo is increased [1,6]. The noradrenergic locus coeruleus shows 
selective cell loss as a result of the aging processes and alterations in cortical 
serotonin(receptors) have been deSCribed [1,2J. 
Also, excessive (and reduced) levels of plasma cortisol have been associated 
vvith cognitive impairment and delirium in old age, together with Ian age-
linked weakness of the stress-resisting mechanisms' in the brainstem and hy-
pothalamus [2,5J. 
The precise significance of the above described cerebral changes for the patho-
physiology of delirium in elderly is still unclear. However, in (experimental) 
animal research, aging seems to predispose the brain to the effects of hypoxia 
and thiamine deficiency on the neurotransmitter systems. Whether this is due 
to additive effects on second messenger systems is unknown, but aging and 
hypoxia also affect calcium homeostasis in a similar way, thus these additive 
effects may be the result of alterations in calcium homeostasis [6]. 
CONCLUSIONS 
Hypotheses about the pathophysiology of delirium are speculative and largely 
based on animal research. Abnormalities of a number of neurotransmitters 
may be involved in different aspects (arousal and alertness, attention, memory 
etc.), clinical presentations (hyper- or hypoalert, hyper- or hypoactive, vvith 
hallucinations/delusions or not) and specific disorder-related forms of deli-
rium (anticholinergic delirium, hepatic encephalopathy, alcohol and benzo-
diazepine withdrawal delirium, postoperative delirium etc.). In particular, 
(animal) research has been done on the effects of hypoxia, ischemia and thia-
mine deficiency on the synthesis and release of acetylcholine, noradrenaline, 
serotonin, dopamine, GABA and glutamate. The results from both animal-
and human studies indicate that deficits in the cholinergiC system may under-
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lie some of the symptoms of delirium. However, the changes in the other 
neurotransmitters very probably also play an important role, an excess of gluw 
tamate and dopamine being held responsible for cellular damage and the pSyw 
chotic features of delirium. Both an excess and a deficit of cerebral serotoniw 
nergic function, due to altered plasma concentrations and therefore cerebral 
availability of its precursor TRP have been associated with delirium. 
Furthermore, overactivity of the noradrenergic system, possibly due to elevaw 
ted levels of cerebral noradrenaline and supersensitivity of the alphawadrenerw 
gic receptors may be related to specific forms of delirium, for example (alcow 
hoI) withdrawal delirium. 
Moreover, all these neurotransmitter (=first messengers) alterations probably 
have an additive effect on dysfunction of the intracellular signal transducing 
system, i.c. the second and third messengers, by this influencing again neuro-
transmitter synthesis and release. Furthermore, age-related changes in the 
brain may underlie the increased sensitivity of older patients to the develop-
ment of delirium. However, despite the enormous progress made in the study 
of the brain during the last decades, it is so extraordinary complex that the 
precise mechanisms by which it (mal)functions yet remains largely unknown. 
REFERENCES 
1. Ross CA. CNS arousal systems: Possible role in delirium. In: Miller NE, Lipowski Z) (eds). 
Delirium. Advances in research and clinical practice. International Psychogeriatrics 1991; 
3: 353-371. 
2. Lipowski ZJ. Delirium: Acute Confusional States. New York: Oxford University Press, 1990. 
3. Engel GL, Romano). Delirium, a syndrome of cerebral insufficiency.) Chronic Dis 1959; 9: 
260-277. 
4. Ross CA, Peyser CE, Shapiro I, Folstein MF. Delirium: Phenomenologic and etiologic sub-
types. In: Miller NE, Lipowski ZJ (eds). Delirium: Advances in research and clinical prac-
tice. International Psychogeriatrics 1991; 3: 135-149. 
5. Lindesay j, Macdonald A, Starke I. The neuronal basis of delirium. In: Delirium in the el-
derly. Oxford, Oxford University Press, 1990: 66-79. 
6. Gibson GE, Blass jP, Huang HM, Freeman GB. The cellular basis of delirium and its rele-
vance to age-related disorders including Alzheimer's Disease. In: International 
Psychogeriatrics 1991; 3: 373-395. 
7. Aaldijk C, Broek WW van den, Mast RC van der. The role of tryptophan in hepatic ence-
phalopathy (in Dutch). Acta Neuropsychiatrica 1993; 5: 71-75. 
8. Acworth IN, Wurtman Rj. Precursor control of catecholamine metabolism. In: Amino acids 
in psychiatric disease. Richardson MA (Ed.). American Psychiatric Press, Washington, D.C. 
1990. 
9. Tune LE, Damlouji NF, Holland A, et al: Association of postoperative delirium with raised 
serum levels of anticholinergiC drugs. Lancet 1981; 2: 651-653. 
10. Miller PS, Richardson jS, Christopher Aj, Lemay jS, Hiscock M, Keegan DL. Assocation of 
low serum anticholinergic levels and cognitive impairment in elderly presurgical patients. 
Am j Psychiatry 1988; 145: 342-345. 
11. Golinger RC, Peet T, Tune LE. Assocation of elevated plasma anticholinergic activity with 
delirium in surgical patients. Am) Psychiatry 1987; 144: 1218-1220. 
12. Sternbach H. The serotonin syndrome. Am) Psychiatry 1991; 148: 705-713. 
13. Young SN. Factors influencing the therapeutic effect of tryptophan in affective disorders, 
sleep, aggreSSion and pain. In: Amino acids in psychiatric disease. Richardson MA (Ed.). 
American Psychiatric Press, Washington, D.C. 1990. 
14. Badawy M-B. Effects of alcohol on tryptophan metabolism. Biochem Soc Trans 1988; 16: 
254~256. 
15. Buydens--Branchey L, Branchey M, Womer TD, Zucker D, Aramsombatdee E, Lieber CS. 
S1 
Increase in tryptophan oxygenase activity in alcoholic patients. Alcoholism: Clinicaland 
Experimental Research 1988; 12: 163~167. 
16. Nausieda PA, Weiner WJ, Kaplan LR, Weber 5, KJawans HL. Sleep disruption in the course 
of chronic levodopa therapy: An early feature of the levodopa psychosis. Clinical 
Neuropharmacology 1982; 5: 183-194. 
17. Beasly BL, NuttJG, Davenport RW, Chase TN. Treatment with tryptophan of levodopa-as-
sociated psychiatric disturbances. Arch Neuro11980; 37: 155-156. 
18. Camara EG, Danao TC. The brain and the immune system: A psychosomatic network. 
Psychosomatics 1989; 30: 140-146. 
19. McIntosh TK, Bush HL, Yeston NS et al. Beta-endorphin, cortisol and postoperative deli-
rium: A preliminaI)' report. Psychoneuroendocrinology 1985; 10: 303-313. 
20. Naber 0, Bullinger M. Neuroendocrine and psychological variables relating to post-opera-
tive psychosis after open~heart surgeI)'. Psychoneuroendocrinology 1985; 10: 315-324. 
21. Koponen H, Riekkinen PJ. A longitudinal study of cerebrospinal fluid beta~endorphin-like 
immunoreacti.vi.ty in delirium: Changes at the acute stage and at one-year follow-up. Acta 
Psychiatr Scand 1990; 82: 323-326. 
22. Koponen H, Stenback V, Mattila E, Reinikainen K, Soininen H, Riekkinen PJ. CSF beta-en~ 
dorphin-like immunoreactivity in delirium. BioI PsychiatI)' 1989; 25: 938-944. 
23. Koponen H, Stenback V, Mattila E, Soininen H, Reinikainen K, Riekkinen PJ. Delirium 
among elderly persons admitted to a psychiatric hospital: Clinical course during the acute 
stage and one-year follow-up. Acta Psychiatr Scand 1989; 79: 579-585. 
24. Koponen H, Stenback U, Mattila E, Reinikainen K, Soininen H, Riekkinen PJ. Cerebrospinal 
fluid somatostatin in delirium. P::.ychological Medicine 1989; 19: 605-609. 
25. Koponen H, Reinikainen K, Riekkinen PJ. Cerebrospinal fluid somatostatin in delirium. II 
Changes at the acute stage and at one year follow-up. Psychological Medicine 1990; 20: 
501-505. 
26. Kooiman CG. Psychoneuroimmunology and psychiatI)'; a literature review. (In Dutch). 
Tijdschrift voor Psychiatrie 1992; 34: 18-29. 
27. Hyman SE, Nestler EJ. The molecular foundations of psychiatry. Washington, DC, 
American Psychiatric Press, 1993. 
S2 
Chapter 3.2 
CARDIOPULMONARY BYPASS, 
CATABOLIC STATE AND THYROID 
HORMONE METABOLISM: 
THE LOW T3 SYNDROME 
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INTRODUCTION 
To study the influence of a catabolic state on plasma concentrations of amino-
acids and the occurrence of delirium after cardiac surgery with cardiopulmo-
nary bypass (CPB) and hypothermia, a measure for severity of physiological 
stress c.q. catabolic state was needed, for which, next to the levels of cortisol 
and (pre)albumin, the ratio of reverse T 3:T 3 was chosen. 
It has long been recognized that changes in thyroid hormone metabolism, lea-
ding to alterations in thyroid hormone serum parameters, accompany various 
physiological stressful events of sufficient intensity such as a wide variety of 
unrelated, non-thyroidal diseases and catabolic conditions like systemic ill-
ness, starvation and accidental or surgical trauma [1-6). It appears that severe 
illness of any type predictably leads to abnormal results on thyroid function 
tests, the degree of alteration depending on the severity rather than on the 
type of illness [1-6]. 
The most frequent change is a reduction in the total active thyrOid hormone: 
3,5,3'-triiodothyronine (T3), occurring within 24 hours after onset of illness. 
The lowered serum T3 is often, but not always, accompanied by elevated levels 
of 3,3',5'-triiodothyronine (reverse T3, rT3), an inactive metabolite of thy-
roxine. The changes in serum T4 are more complex, depending on the extent 
Figure 1 
Regulation of thyroid hormone metabolism 
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of fasting and the severity of illness [1·5J. In critically ill patients serum T4 is 
often low, correlating with the probability that the patient will die [1·5J. 
Although the concentrations of thyroid~stimulating hormone may remain 
normal, they are often also affected [1.5J. 
These alterations in serum thyroid hormone parameters have been referred to 
as the 'euthyroid sick syndrome', 'low T3 syndrome' or 'non-thyroidal illness' 
(1\1")'1) [1·5J. The decrease in T3 production in the liver may be regulated via va· 
rious mechanisms: a.D. diminished availability of T3 and T4 caused by inhibi-
ted transport across the liver cell membrane into the cell, together with de-
creased conversion of T4 into T3 due to an impaired intracellular metabolism 
(figure 1) [3·6J, both decreased transport and metabolism presumably being 
caused by depletion of ATP [4,6], and must be considered in relation with 
other coping-mechanisms of the body, facing life-threatening circumstances. 
It is unknown whether the alterations in thyroid hormone metabolism that 
accompany various stressful and catabolic conditions are a beneficial or an ad-
verse response and, if the latter, whether the apparent decrease in the availabi-
lity of T3 should be corrected with replacement therapy [1,3J. To date, the di· 
minished availability of the active thyroid hormone is generally viewed as an 
adaptive mechanism to stressful circumstances, causing a decline in energy ex-
penditure, supporting the healing process and the fight against the detrimen-
tal consequences of the underlying disorder [l,S]. 
THYROID HORMONE METABOLISM 
T4, a predominantly inactive prohormone, is the main secretory product of 
the normal thyroid [7J. The major pathway of the T4 metabolism is initially 
via deiodination (by the enzyme deiodinase) in the outer ring, producing T 3, 
the biologically active hormone; or in the inner ring, producing rT 3, a biolo-
gically inactive metabolite (see figure 2) [3,5,7J. Less than 20% of total T3 is 
produced in the thyroid. The remaining 80·90% is being formed in the peri. 
pheral tissues, especially in the liver, being the central organ in the metabo-
lism of T4 and the kidneys and muscles [3,7,9J. Several tissues do not depend 
only on circulating T 3, but also to varying degrees on T 3 locally derived from 
T4 [7J. 
Almost all of rT 3 in the plasma comes from inner ring monodeiodination of 
T4 in the brain, since in the liver rT3 is produced and metabolised so rapidly, 
that it does not enter the circulation [7]. Both T3 and rT3 are deiodinated fur-
ther to the diiodothyronines (T 2) and then to monoiodothyronines, all of 
them inactive metabolites, which are cleared rapidly from the plasma (figure 
2) [5J. lodothyronines in the circulation are predominantly bound to serum 
proteins, the biological activity being determined by the free hormone con· 
centration [3,5,7J. 
The transport of thyrOid hormones across the cell membrane is an energy 
(ATP).dependent process [3,5·7J. The entry of iodothyronines into hepatocytes 
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is facilitated by albumin, but hampered by the presence of 'plasma inhibitors' 
[3,7-9]. These plasma inhibitors are found espedally in patients with NTI, pos-
sibly as a consequence of tissue damage, but also in fasting conditions [8]. 
They also interfere with the binding of thyroid hormone to serum proteins 
[3}S/7~9]. Recently, four circulating inhibitors of T4 transport into fat hepato-
cytes have been identified: 3-carboxy-4-methyl-S-propyl-2-furanpropanoic 
acid (CMPF) and indoxyl sulphate in uraemia, and bilirubin and non-esteri-
fied fatty adds (NEFA) in critically ill patients with hyperbilirubinaemia [8]. In 
patients with mild illness these factors are not responsible for the inhibition 
of T4 tissue uptake. The high concentration of NEFA during calorie restriction 
(fasting) actually appears to inhibit T4 tissue uptake [8]. 
T 3 is transported via the circulation to the various tissues, where it has at least 
three receptor sites: 1. in the nucleus of the cell vvith an effect on gene expres-
sion, 2. a direct effect on membrane processes, leading to an enhanced trans-
port of aminoacids and sugars and 3. a direct action on mitochondria to in-
crease ATP synthesis [7]. 
The function of the thyroid is controlled by thyroid-stimulating honnone 
(TSH) from the pituary gland, which in tum is regulated by stimulating thyro-
tropin-releasing hormone (TRH) from the hypothalamus, the (negative) feed-
back of thyroid hormones on the production of TSH being an important regu-
lating mechanism (figure 1). The production of TSH appears to be inhibited, 
among others, by dopamine (agonists), somatostatin and cortisol. The precise 
significance of this inhibition in relation to the stimulating action of TRH is 
not known [2,5]. 
In summary, the production and effects of T 4 and T 3 are regulated by a nega-
tive feedback on the production of TSH, by the plasma-availability of iodine to 
the thyroid (autoregulation), by the balance between T3 and rT3 production 
from T 4 in the liver and by the thyroid honnone binding to thyroxine-bin-
ding proteins e.g. thyroxine-binding globulin (TBG) [3,5]. 
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THE LOW T3 SYNDROME 
The low T3 syndrome, also called 'sick euthyroid syndrome' or 'nonwthyroidal 
illness', means the presence of an illness together with an adequate thyroid 
function, but various erratic thyroid function tests [1-5,7], As mentioned be-
fore, it is characterized by a decrease in the serum T 3 concentration, an in-
crease in the rT 3 concentration, a normal or possibly lowered TSH concentra-
tion and a normal, increased or decreased T4 concentration, depending on the 
severity of the stressful condition [1-5,7,9,10]. The diminished metabolism of 
T41 resulting in a decline of T3 can be explained by a decreased uptake or 
breakdown of T4 by the liver [1-5,7]. The concomitant rT3 increase is not so 
much a reflection of increased production as of a markedly reduced metabolic 
clearance rate of rT 3, due to reduced liver uptake and decreased enzyme acti-
vity. 
An abnormal rT 3 level, in combination with a normal serum TSH level may 
distinguish patients with a non-thyrOidal illness from hypothyroid patients. 
However, only a normal TSH response to TRH administration excludes the 
(co)existence of hyperthyroidism [2,3,7]. The more severe the illness, in terms 
of a higher mortality, days of admission and the extent of (surgical) injury, 
the lower the serum T 3, the higher the serum rT 3 and, finally, the lower the 
serum T4 [1-5,7,9,10J. The following conditions are assodated with a low T3 
syndrome: acute and chronic starvation especially the reduced intake of carbo-
hydrates, chronic liver and renal disease, febrile illnesses of all kind, acute 
myocardial infarction, acute respiratory failure, uncontrolled diabetes and dia-
betic ketoacidosis, anaesthesia, accidental and surgical trauma, malignandes, 
acute and chronic systemiC illnesses and many compounds and medications 
[1-4]. Since several studies reveal a clear decline in the serum T3 level from 
middle through old age, aging itself is regularly considered a cause of the low 
T3 syndrome [3]. As it turns out, this effect is most probably due to a lesser 
health and a more significant use of medications in an elderly population [2-
4J. The evaluation of thyrOid function in elderly sick patients becomes extre-
mely difficult if not impossible when they are also using many different medi-
cations [2,4]. 
Thus, any physiological stress c.q catabolic state is accompanied by a low T 3 
syndrome e.g. a decrease of T 3 and an increase of rT 3 ' resulting in an increase 
of the rT 3fT 3-ratio, which can be considered as a measure for the extent of 
physiological stress and generally is viewed as a useful adjustment to illness in 
order to minimize the catabolic state and conserve energy [7J. 
CARDIOPULMONARY BYPASS AND THYROID FUNCTION 
Thyroid hormone alterations are common following major surgery. Cardiac 
surgery e.g the hypothermia, non-pulsatile flow and hemodilution during car-
diopulmonary bypass (CPB) is a form of trauma, that elicits cellular and hu-
moral responses typical of generalized inflammation, which have major (en-
docrine) consequences like an increase in the dopamine release and the 
adrenal secretion of cortisol and serious alterations in the levels of rT 3, T 3, 
(ISH) and T4 [9,11-13]. 
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Zaloga et a1. [9J longitudinally studied thyroid hormone serum concentrations 
in S9 patients aged between 31 and 69 years, undergoing coronary artery by-
pass grafting (n=54), pneumectomy (n=2) and colectomy (n=3). Within 6 
hours of surgery changes in thyroid functions were seen. Initially, both the T 3 
and the rT3 decreased, followed by an increase in rT3 and further decrease of 
T3. Thus, an increase of the rT3iT3-ratio appeared already shortly after surgery. 
These changes normalized by 1 week after surgery. The mean plasma concen-
trations dopamine, measured in eight cardiac patients also changed signifi-
cantly after surgery, the per cent increase of dopamine correlating with the 
per cent decrease in the serum TSH response to TRH, in accordance with the 
idea that elevated dopamine levels, like glucocorticoids, opiates, somatostatin 
and prostaglandins, suppress the hypothalamic-pituary axis [9J. 
Robuschi et aI. [I1J studied 32 patients between 38 and 71 years of age (aver-
age 52.9 ± 5.7), subjected to CPB (coronary artery bypass grafting and/or valve 
replacement). A marked decrease in serum total T3 occurred already during in-
duction of anaestheSia, only to decrease further with the start of CPB and hy-
pothermia. The total T 3 remained significantly lower 2 and 12 hours after 
CPB. The rT 3 increased during anaestheSia, but dedined after the start of the 
CPB and hypothermia. However, 2 and 12 hours after CPB there appeared to 
be a significant increase in serum rT3 concentration as compared to baseline, 
lowering the rT3/T3-ratio even more. The serum TSH and the TSH response to 
TRH was decreased, considered by the authors to be associated with the severe 
stress and consequently increased adrenal cortisol secretion, induced by car-
diac surgery. As other possible related factors to the diminished secretory re-
sponse of the anterior pituitary to TRH, they suggest the more rapid clearance 
of the administered TRH through the CPB heart-lung machine or the hypo-
thermia per se [10]. 
In 1991 Holland et a1. [12J also investigated (14) patients, aged between 18 
and 67 years, undergoing CPB to determine the effect on concentrations of 
thyrOid hormones. They found the concentrations of total T 3 progreSSively de-
creasing from preoperative baseline on and remaining depressed throughout 
CPB up to at least 24 hours after CPB (last measurement). The concentrations 
of rT3 somewhat decreased during CPB and only increased significantly post-
operatively, demonstrating a fourfold increase at 24 hours postoperatively. 
In contrast to the findings of Robuschi et a1. [11], there was no change in TSH 
concentration [12]. The postoperative changes were not due to hemodilution, 
since the albumin returned to normal by 2 hours after CPB. The authors also 
condude that the changes in total T 3 and rT 3 most likely were secondary to 
alteration in thyrOid hormone metabolism and not, for example, to uptake 
and degradation by the extracorporeal circuit, because otherwise all the, struc-
turally Similar, thyroid hormones would have been affected equally [12J. 
CONCLUSION 
In condusion, as a consequence of cardiac surgery with CPB and hypother-
mia, concentrations of thyrOid hormones are changed. T 3 shows a striking de-
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crease beginning with the induction of anaesthesia, decreases further during 
CPB and is being normalized 1 week after surgery. The rT3 firstly decreases du~ 
ring anaesthesia and CPB, only to start increasing shortly after surgery. One 
week after surgery the rT 3 has returned to normal values. 
In non~surgical patients with NTI, the extent of alteration in thyroid hormone 
concentrations is related to the severity of the underlying disorder, in terms of 
mortality and days of admission, being a measure for the health status [7]. 
Thus, the rT3/T3-ratio may be both characteristic and prognostic in the out-
come of patients undergoing cardiac surgery with CPB and hypothermia. 
In contrast to the supposed protective and adaptive role of the altered thyroid 
hormone metabolism in patients with NTI, it has recently been suggested that 
the low T3 plasma levels induced by ePB are detrimental [13]. According to 
clinical and laboratory data administration of T 3 might be useful for patients 
with a low T 3 syndrome after CPB to treat or prevent low cardiac output due 
to depressed ventricular function, paralleling the decrease in total T3 [12,13]. 
However, this 'treatment' remains controversial and as Clark [13] states "only 
blinded, randomized trials will provide the information necessary to substan-
tiate the early investigational data supporting routine use of T 3 in cardiac ope-
rations". 
Furthermore, one must keep in mind that several other, non~CPB related fac-
tors pOSSibly influence the degree of thyrOid hormone alterations. Many phar-
macolOgical agents, interfering with thyroid function tests are being used in 
the medical management of patients undergoing cardiac surgery; elderly with 
a cardiac disease often have concomitant disorders; and the (preoperative) 
nutritional state (especially a lack of carbohydrates) may also affect thyroid 
hormone metabolism. 
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Chapter 3.3 
DELIRIUM AFTER CARDIAC SURGERY: 
POSSIBLE PATHOPHYSIOLOGICAL 
MECHANISMS 
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INTRODUCTION 
In chapter S.l the potential role of various aminoacids, hormones and neuro-
transmitters in the occurrence of (the different aspects, clinical presentations 
and specific disease-related forms of) delirium were described. In this chapter 
the possible pathophysiological mechanisms in the appearance of delirium af-
ter cardiac surgery with cardiopulmonary bypass will be summarized. 
CARDIAC SURGERY AND BRAIN DAMAGE 
Cardiac surgery, probably more than any other major surgical procedure, is a 
serious insult to the integrative capacity of the body and especially the brain, 
due to the unusual physiology imposed by CPB [1]. Advances in anaesthetic 
and surgical techniques and in equipment have all contributed to the reduc-
tion in morbidity and mortality from cardiac surgery 'With CPB [2]. 
Nonetheless, there is still considerable neurological morbidity assodated with 
this type of surgery, most probably due to cerebral (gas, air, fat and platelet) 
microemboli and hypoperfusion [1,2]. Microemboli have been shown in the 
arterial circulation during extracorporeal perfusion with doppler ultrasound 
and in retinal drculation with fluorescein angiography [2]. The pressure re-
quired for optimum cerebral perfusion is not known. Hypoperfusion probably 
only plays a considerable role in causing postoperative neurological defidts in 
brain-damaged patients with impaired cerebral autoregulation leading to pres-
sure dependent cerebral blood flow [3]. The importance of the short-lived neu-
rological impairments like primitive reflexes and impaired coordination is un-
clear and the long-lived neurological deficits such as diminished neuro-
psychological performance are difficult to interpret and pOSSibly not unique to 
patients undergOing cardiac surgery with CPB [2,4]. The only variable found 
to correlate Significantly with neuropsycholOgical outcome was the fall in hae-
moglobin concentration with haemodilution during extracorporeal drcula-
tion [2,4]. Thus, neurological damage sometimes occurs, the risk of permanent 
damage probably being only 0.2% [2]. There is a risk of subtle intellectual im· 
pairment, pOSSibly more likely with increasing age and duration of CPB (espe-
dally beyond mo hours), but to date there are apparently no known strong 
predictors [2-4]. 
Computed Tomography (CT) of the brain only shows abnormalities in pa-
tients who have suffered major neurolOgical events [5]. Magnetic resonance 
imaging (MRI) in six patients undergOing coronary bypass surgery, showed 
brain swelling with reduction in size in all six patients on the immediate post-
operative scan without clinically major neurolOgical deficit or pronounced 
confusion. The later MRl's (after 6-18 days) did no longer exhibit these abnor-
malities. The authors argue that the brain swelling could be due to cytotoxic 
oedema induced by microemboli, hypoperfusion or haemodilution after CPB. 
Further study on the assodation of the cerebral swelling with major non-car-
diac surgery (without CPB), and on the relation to postoperative morbidity is 
necessary [5]. 
62 
CARDIAC SURGERY, DELIRIUM AND NEUROTRANSMISSION 
Cardiac surgery with CPB is a physiologically stressful event leading to eleva-
ted plasma levels of glucocorticoids and dopamine and the so-called low T 3 
syndrome. Glucocorticoids induce the enzyme tryptophan pyrrolase in the li-
ver, causing a reduction of the plasma concentration of tryptophan. The syn-
thesis of serotonin in the brain depends on the availability of its precursor 
tryptophan. Thus, a reduced plasma availability of tryptophan may lead di-
rectly to decreased activity of cerebral serotonin. Moreover, a stressful, catabo-
lic state may reduce tryptophan transport across the blood-brain barrier be-
cause the plasma concentration of the aminoacids valine, isoleucine, leucine, 
tyrosine and phenylalanine, which compete with tryptophan for the trans-
port-cartier at the blood-brain barrier, is increased due to degradation of 
musde proteins. Therefore, delirium after cardiac surgery may be related, 
among others, to decreased cerebral tryptophan and serotonin deficiency 
[5,6]. 
Furthermore, an excess of both glucocorticoids and dopamine causes a de-
crease of TSH by inhibiting the release of TRH, in this way possibly preventing 
stimulation of the thyrOid and maintaining the adaptive low T 3 syndrome. A 
low T3 level may cause 1. a diminished transport of aminoacids and carbohy-
drates, possibly giving rise to substrate deficiency, thus inhibiting the synthe-
sis of the directly substrate dependent neurotransmitters, especially acetylcho-
line and serotonin, and 2. a generally decreased metabolism through reduced 
synthesis of ATP. 
The synthesis of various neurotransmitters is altered both in cerebral hypoxic 
hypoxia, anaemic hypoxia and thiamine deficiency, conditions often occur-
ring around surgery and CPB. The consequently extracellular excess of dopa-
mine and glutamate in the brain have been implicated in cellular damage and 
some features of delirium. The decline in cerebral cholinergic activity, occur-
ring in association with hypoxia and substrate and thiamine deficiency, may 
also play an important role in the occurrence of delirium after CPB, next to 
possible blockade of cholinergic transmission by the use of different anticholi-
nergic medications. Hypoxia does not seem to influence the synthesis of sero-
tonin and noradrenaline directly. 
In condusion, delirium after cardiac surgery with CPB may be the result of a 
state of catabolism, causing an imbalance of cerebral neurotransmission with 
a relative hyperactivity of the dopaminergic (noradrenergic and glutamate?) 
system and hypoactivity of the cholinergiC and serotonergic system. Direct ac-
tion on the neuronal cell and alterations in neurotransmitter release further-
more influence intracellular second messenger systems, which again may 
change neurotransmitter synthesis. 
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INTRODUCTION 
Delirium is transient organic mental syndrome of acute onset characterized by 
global impairment of cognitive functions, reduced consciousness, attentional 
abnormalities, increased or decreased psychomotor activity, and a disordered 
sleep-wake cycle [1]. It is a complication of a variety of medical conditions, 
especially open-heart surgery, and may confer increased morbidity, institutio-
nalization, prolonged hospital stay, and increased risk of mortality [2,3,4]. 
Although according to Smith and Dimsdale the incidence of postcardiotomy 
delirium has remained fairly constant at about 30% for the past 25 years, it 
was shown in chapter 1.3 that their conclusion, based on meta-analysis, is 
questionable. The reported rates of postoperative delirium after cardiac surgery 
are in general high, but the current incidence is unknown as is its cause [5]. 
Major surgery, especially after prolonged disease, is stressful and induces a cat-
abolic state, as indicated by, for example, elevated serum cortisol [1]. We hy-
pothesised, according to Skaug, that the delirium in the patient, described 
hereafter, was caused by cerebral tryptophan deficiency due to a the catabolic 
state [6]. 
CASE 
A 14-year-old girl had undergone cardiac transplantation for end-stage heart 
failure after a prolonged hospital stay. The postoperative course was complica-
ted by sepsis and skin necrosis, and she also developed severe psychiatric 
symptoms. Delirium of unknown etiology was diagnosed. Laboratory investi-
gations and a computed tomography scan of the brain were normal; there was 
no hypoxia and the only drug that could be related to the occurrence of deli-
rium was prednisone (20 mg per day). We wondered whether delirium was 
caused by a tryptophan deficiency resulting from a severe catabolic state and 
prednisone medication. The patient's plasma tryptophan concentration was 
16 micromol/t which is well below normal values. She was treated by oral ad-
ministration of 6 gram of L-tryptophan (2 gram before every meal) and within 
3 days the psychiatric symptoms disappeared completely. 
METHOD 
To test the hypothesis that postoperative delirium may be related to reduced 
plasma tryptophan due to a catabolic state, blood samples were drawn from 7 
delirious patients (6 men, 1 woman) within 5 days of cardiac surgery. Plasma 
concentrations of tryptophan were determined by high-performance liquid 
chromatography and other aminoacids were measured with an aminoacid 
analyzer [7]. The plasma tryptophan ratio was calculated by dividing the 
plasma tryptophan concentration by the sum of the concentrations of the 
other large neutral aminoacids-ie, valine, isoleucine, leucine, tyrosine, and 
phenylalanine [8]. Results were expressed as mean (SD) and compared with 
the values of a group of 8 non-delirious patients (7 men, 1 woman) who had 
the same type of surgery. A second group of controls were 21 healthy indivi-
duals (II men, 10 women) from among the hospital staff. 
Differences in plasma tryptophan concentrations and plasma tryptophan ra-
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Table 
Biochemical and surgical data of patients and controls 
Age (yr) Plasma Plasma Type 
Tryptophan tryptophan of 
()lmol/I) ratio sugery 
Patients (sex) 
1 (M) 62 30 4.9 CABG 
21FI 66 31 4.5 AAR 
31MI 65 37 5.3 CABG 
4(M) 73 25 3.6 CABG 
51MI 70 21 3.2 CABG 
61MI 57 23 3.6 VSR 
71MI 76 43 5.6 VR 
Mean(SD) values 67171 30181' 4.4(0.9)# 
Postoperative 
controls 
(n=:S) 
Mean(SD) values 65191 52(11) 6.611.41 CABG (n",S) 
CABG+VR 
(n",2) 
VR (n",1) 
Healthy controls 
(n",21) 
Mean(SD) values 34(4) 48(9) 7.711.51 
CABG==coronary artery bypass grafting; AAR=ascending aorta replacement for aortic aneu-
rysm; VSR=ventricaf septal repair; VR=valve replacement. 
"p=D.OOO1. #p<O.OOOl, patients vs both control groups 
tics were tested with one-way analysis of variance, followed by the Student-
Newman-Keuis multiple comparison procedure (at the 0.05 level of signifi~ 
cance), Homogeneity of variances was verified with Cochran's C-test. 
RESULTS 
The mean plasma tryptophan concentration of the 7 delirious patients was 
significantly lower than the mean plasma tryptophan concentrations of post~ 
operative and healthy controls (table). The same was also true of the plasma 
tryptophan ratio. No significant differences -were found betvveen the control 
groups, Postoperative electrolyte disturbances were equally present in both 
groups of patients, 
DISCUSSION 
Tryptophan is the precursor of (cerebral) serotonin, a neurotransmitter in-
volved in functions such as aggressive and impulsive behaviour, mood, motor 
activity and sleep that are disturbed during delirium, The amount of func-
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tional serotonin in the central nervous system is dependent on -among other 
factors- the transport of its precursor tryptophan across the blood-brain bar-
rier. A catabolic state may reduce tryptophan transport because of two impor-
tant mechanisms: 1) the plasma concentration. of the aminoacids valine, iso-
leucine, leucine, tyrosine and phenylalanine, which compete with tryptophan 
for the transport-carrier at the blood-brain barrier, is increased due to degrada-
tion of muscle proteins; and 2) the plasma concentration of tryptophan is re-
duced because of induction of tryptophan pyrrolase [8,9J. 
Our results suggest a role for reduced tryptophan availability from plasma in 
postcardiotomy delirium, but replication of these findings in larger groups of 
patients and in a prospective research design is necessary. 
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Chapter 4 
AIMS AND METHODS 
INTRODUCTION 
As was mentioned before, the incidence of postcardiotomy delirium varies 
from 2 to 57%, depending on the research design, the study sample, the 
assessment methods and the definition of delirium. Generally, cardiac surgery 
has been associated with a rather high rate of postoperative delirium [lJ. 
However, there are few data about the current incidence and nothing is 
knOVlTIl about the precise pathophysiological processes by which (postcardio-
tomy) delirium is mediated. Several risk factors have been studied, but no one 
has been consistently designated, due to a lack of adequate replication studies 
[lJ. Postoperative delirium is considered to have multiple possible causes and 
to represent the result of a combination of preoperative, intraoperative and 
postoperative factors. 
The hypothesis that delirium after cardiac surgery with cardiopulmonary byw 
pass (CPB) may be related to reduced plasma tryptophan, due to a catabolic 
state, and altered cerebral serotonin metabolism was indeed suggested from 
the findings of our aforementioned study and from a few case reports, but re-
plication in larger groups of patients, in a prospective design, is necessary [2,3]. 
Moreover, several other neurotransmitter alterations and deficiencies have been 
hold responsible for the occurrence of (postcardiotomy) delirium, notably acew 
tylcholine and noradrenaline [3,4,5]. 
AIMS 
Patients undergoing various types of elective cardiac surgery were prospec-
tively studied to investigate: 
1. The current incidence of delirium after (various types of) cardiac surgery. 
2. The risk factors associated with postcardiotomy delirium. 
3. The pathophysiology of delirium after cardiac surgery-i.e.: 
a. the role of reduced cerebral tryptophan availability 
b. the role of changes in plasma concentrations of the other large neutral 
aminoacids 
c. the influence of physiological stress c.q. a catabolic state in relation to 
plasma concentrations of the aminoacids and the occurrence of deliw 
rium after cardiac surgery 
4. The clinical course and outcome. 
PATIENTS AND METHODS 
PATIENTS 
The study was conducted in the Thoraxcentre of the University Hospital 
Dijkzigt, which is a large (approximately 1000 beds), inner-city teaching hos-
pital in Rotterdam, the Netherlands. The study took place from may 1991 to 
november 1992. During this period 330 patients consented to join the study; 
only fifteen patients (5%) refused to participate. All patients speaking Dutch 
and being older than 21 years of age, admitted for elective cardiac surgery (co-
ronary artery bypass graft (CABG), valve replacement (VR), CABG+VR, and 
surgery for heart defects with or without CABG and/or VR), were eligible for 
the study. From may 1991 - april 1992, 110 consecutive patients, awaiting 
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elective cardiac surgery, were recruited from only one of the cardiologic wards 
and one of the preoperative, outpatient clinics because of insufficient availabi-
lity of study personnel. From april 1992 - november 1992 all (n=221) patients, 
consecutively admitted to the cardiolOgiC wards and outpatient clinics were 
included. Patients were excluded if unable to complete the questionnaires, 
mostly due to language problems. During the study 34 (10%) of the 330 ori-
ginally included patients dropped out: 6 patients died during or shortly after 
surgery, 7 patients were operated on elsewhere, 4 patients still refused, in 8 ca-
ses there were problems with the blood sampling and another 9 patients were 
lost for various reasons. The final study sample consisted of 296 patients. 
PREOPERATIVE ASSESSMENT 
After informed consent was obtained patients were assessed according to a 
standardized psychiatric and psychometric evaluation, depending on the wai-
ting list, usually one to four weeks before surgery. The psychiatric and psycho-
metric evaluation included somatic and psychiatric history, demographic and 
medication data and the following (self-rating) scales; the Mini Mental State 
Examination as a cognitive screenings test [6J, the 30-item version (being the 
least dependent on somatic items) of the General Health Questionnaire to 
screen for possible psychiatric disturbances [7-10], the Miinchner Alcohol Test 
to detect possible alcohol abuse [11,12J and the Daily Activity List [13,14J. 
Besides, on the day before surgery, patients were asked to fill in the Profile of 
Mood States [15J. 
Just before induction of anaesthesia (between 8 and 11 a.m.) blood samples 
were drawn for the follOwing laboratory investigations: 
1. levels of cortisol as a measure for physiological stress 
2. levels of albumin, prealbumin, T 3 and reverse T 3 as measures for catabolic 
state. The ratio rT 3:T 3 was calculated as a measure for catabolism 
3. levels of total plasma tryptophan, the other large neutral aminoacids-ie, 
valine, leucine, isoleucine, tyrosine and phenylalanin; and methionine, se-
rine and taurine [2J. The plasma ratios of tryptophan, tyrosine and pheny-
lalanine were calculated by dividing the plasma concentration of the con-
cerning aminoacid by the sum of the other five large neutral aminoacids 
[2]. The molar ratio tryptophan:albumin was used as a measure for the 
amount of free tryptophan. The ratio TAU:METXSER was determined as a 
measure for the amount of methyl donors 
4. folic acid and vitamins B1, B6 and B12, because of their major importance 
in the metabolism of both tryptophan and most of the other large neutral 
aminoacids. 
POSTOPERATIVE ASSESSMENT 
On the first postoperative day 8 a.m. (fasting) blood samples were drawn for 
plasma levels of cortisol, albumin, prealbumin, the ratio reverse T 3:T 3, tryp-
tophan, and the other aminoacids. 
Type of surgery, duration of surgery, time on cardiopulmonary bypass, dura-
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tion of hypothermia, lowest nasal temperature, minutes of mean systolic 
blood pressure ~ 60 mm Hg. (generally considered the value below which cere-
bral hypoxia occurs) and (amount of) medications were recorded. 
On day 2 through 5 or earlier, if requested because of behavioural problems, 
mental status examination and chart review were performed by a psychiatrist 
for the presence of delirium according to DSM-lII-R criteria [16]. Information 
of the medical staff and relatives of the patients for signs of delirium was in-
cluded. For a diagnosis of delirium symptoms had to be present for at least 24 
hours and not only on the first postoperative day, which was excluded be-
cause of the difficulty of distinguishing berneen true delirium and possible re-
sidual effects of anaesthesia. Besides, a delirium occurring later than day 5 
postoperatively was not considered a postcardiotomy delirium, not being di-
rectly related to the cardiac surgery. Patients were rated on the Symptom 
Rating Scale for Delirium (DRS) [17J, the cognitive status being assessed with 
the Mini Mental State Examination [6]. In case of delirium, patients were fol-
lowed up and rated as long as the delirious symptoms continued. When com-
munication was impossible as a consequence of (prolonged) intubation and/or 
sedation, patients were considered 'probable delirious' (though formally not 
assessable) in case they needed haloperidol for treating supposed delirious 
symptoms like inadequate behaviour, probable signs of hallucinations and/or 
suspicion, agitation or apathy, inversed day-night rythm and severe cognitive 
deficits e.g. inability to cooperate with formal mental status testing. Thus, 
next to a diagnosis of delirium according to DSM-III-R criteria and the score 
on the DRS, haloperidol medication was regarded as one of the outcome mea-
sures. 
All patients were followed up during hospitalization to compare for postopera-
tive complications, medications, length of hospital stay, mortality and living 
situation after discharge between delirious and non-delirious patients. Six 
months after discharge all patients were interviewed by telephone to gather 
information about survival, living situation and physical impairment. 
MANAGEMENT OF ANAESTHESIA AND CARDIOPULMONARY 
BYPASS 
ANAESTHESIA 
The anaesthetic management included premedication with a benzodiazepine: 
lorazepam (Temesta®) or flurazepam (Dalmadorm~); and induction and main-
tenance with pavulon, moderate to high doses of fentanyl, and midazolam 
(Dormicum®) or propofol (Diprivan®). Ventilation consisted of oxygen in air 
(fiOZ 40-60 %). Hemodynamic changes were treated with vasopressors (efe-
drine or noradrenaline) and vasodilators (nitroglycerine, ketanserine, fentola-
mine or nitroprusside). As inotropics were used dopamine or dobutamine and 
as diuretics furosemide or sometimes bumetanide. Other occasionally admi-
nistered intraoperative medications were corticosteroids, lidocaine and chlor-
promazine. All patients received Albumin (200g/I), pasteurized plasma-unit so-
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lution (=albumin 40g/l) or Haemaccel (35g/1 polygeline) as blood substitute 
transfusions. Postoperatively, in addition to intravenous fluids, diuretics (furo-
semide=Lasix1'J), Hz-receptor blockers (ranitidine=Zantac®) and antibiotics pa-
tients received morphine sulphate or pethidine for analgesia and non-standar-
dized supplemental doses of midazolam or propafDl for sedation, if necessary. 
A few patients received corticosteroids. Haloperidol (HaldoIOC) was admini-
stered for symptoms of delirium. Consequently, haloperidol administration is 
included in the analysis of onset, severity and course of delirium. In a few pa-
tients delirious agitation could not be adequately managed with haloperidol, 
in which cases propafol was used for a longer than the immediate postoperaR 
tive period. 
CARDIOPULMONARY BYPASS 
Patients were given 300 IU/kg of intestinal mucosa heparin, supplemented as 
needed to maintain an activated clotting time of about 600 seconds. 
Membrane oxygenators were used. The circuit was primed with Haemaccel 
±1700 ml, Mannitol 40 g, Albumin 20 g, Bicarbonate 50 meq and 8500 lU 
Heparin. Blood was added as necessary to achieve a hematocrit value of 20 
mmol/l during bypass. An arterial line filter (screen 40 micron) was used. 
Nonpulsatile perfusion with either a rollerpump or a centrifugaJpump was giR 
ven at an index of 2.4 l/min/m2 at normothermia and 1.8 l/min/m2 at hypoR 
thermia (nasal temperature 28°C). Arterial pOz was kept at 20 kPa (actual temR 
perature) and acid-base management was done with Alpha-stat. 
DESCRIPTION OF THE RESEARCH INSTRUMENTS 
MINI MENTAL STATE EXAMINATION (MMSE) [6,18,19J 
The MMSE is a widely used, brief and standardized method for assessing cur-
rent cognitive mental status both in clinical practice and in research, that 
screens for intellectual impairment and allows comparison of performance 
across time and among patients. It consists of 11 items assessing orientation, 
attention, immediate and shortRterm recall, language skills, the ability to fol-
low simple verbal and written commands and one construction question. The 
maximum total score is 30. A total score of less than 24 indicates diffuse cog-
nitive dysfunction. Using a cut-off score between 23 and 24 (23/24), the sensi-
tivity and specificity of the MMSE has been reported to be 870/0 and 82% re-
spectively. Age and education have a demonstrable influence on the score. It 
has to be remembered that the MMSE is a screening test and does not identify 
specific disorders such as dementia or delirium. 
30-ITEM VERSION OF THE GENERAL HEALTH 
QUESTIONNAIRE (GHQ) [7-IOJ 
The GHQ is a self-report screening questionnaire for the detection of non-psYR 
chotic psychiatric illness in medical practice and is also used as a descriptive 
measure of psychiatric symptoms [7,8J. The GHQ-items are rated on a 0-0-1-1 
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scale and added up to a total score. We used the separate 30-item version of 
the GHQ, which has been derived from the original 60-item questionnaire by 
excluding symptoms that are commonly present in medically ill patients [8]. 
The GHQ has been translated into Dutch by Koeter & Ormel [9] and has been 
validated as a case-finding instrument in patients of a Dutch general medical 
outpatient clinic by van Hemert et a1. [10]. The GHQ is based on recent 
change in an individual's psychological state and does not identify all patients 
with chronic mental disorders. Specificity and sensitivity depend on the na-
ture of the target population and optimal discrimination depends on the cor-
rect choice of threshold [8,9]. For example, it is possible to improve specificity 
in a medically ill population by raising the cut-off threshold, of course conse-
quently reducing sensitivity. For the separate version of the GHQ-30 van 
Hemert et a1. found a sensitivity of 0.73 and a specificity of 0.74 at a cut-off le-
vel of 10/11 compared with, for example a sensitivity of 0.85 and a specificity 
of 0.70 at a cut-off level of 8/9, tested against the Present State Examination-
Index of Definition 5+ case criterion [10]. Next to the mean scores, the deli-
rious patients were compared with the non-delirious patients, using different 
cut-points to find the optimal cut-off for discrimination of deliriOUS and non-
delirious patients. Since factor analysis of the GHQ-30 yielded different sub-
scales corresponding to the factors anxiety, feelings of incompetence, depres-
sion, difficulty coping and social isolation, a possible association between 
these separate factors and delirium was examined [81. 
MUNCHNER ALCOHOL TEST (MALT) [11,12] 
The MALT is a screening instrument for alcoholism especially suitable in me-
dical populations. The Dutch version has been validated by van Limbeek & 
Walburg [10]. The MALT consists of two complementary sections: a 24-item 
self-assessment (MALT-S) and a 7-item physician's assessment (MALT-F). The 
maximum score on the MALT-S is 24 pOints, on the MALT-F 28 pOints. 
Because in one research study concerning alcohol abuse among general hospi-
tal in-patients the MALT-S appeared to be more sensitive than the MALT, the 
MALT-S was used to screen for alcohol abuse [20]. A score of ~ 7 is suggestive 
for alcohol dependence and 4-6 for alcohol abuse. 
DAILY ACTIVITY LIST (DAL) [13,14] 
Limitations in daily activities were measured with the Daily Activity List, a 
self-rating questionnaire consisting of 11 items concerning self-care activities, 
mobility, and physical, role and leisure activities. The DAL gives an impres-
sion of the influence of a somatic illness (i.c. cardiac disease) on the capacity 
to perform a variety of activities that are normal for people in good physical 
health (= functional status) and is used as a measure of physical health. The 
DAL consists of 11 items, which are rated on a 0/1 scale and add up to a total 
score of 11 pOints. 
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PROFILE OF MOOD STATES (POMS) [15J 
The POMS is a selfRrating scale for varying moods. The original POMS consis-
ted of 65 items, divided am~:mg 7 mood categories. The Dutch, shortened 32-
item version of the POMS was used, measuring 5 dimensions: depression (8 
items), anger (7 items), fatigue (6 items), vigour (5 items) and tension (6 
items). The score of the different items adds up from 0 to 4 points, the total 
score amounting 128. 
THE SYMPTOM RATING SCALE FOR DEURIUM (DRS) [17J 
The DRS is a lO-item, symptom rating scale for delirium which addresses 10 
areas characteristically affected in delirium. It is rated by the clinician using all 
available information from the patient interview, mental status examination, 
medical history and tests, nursing observations, family reports etc. The DRS ra-
ting is based on at least a 24-hour period. Each item is scored by choosing one 
best rating. The total DRS score equals the sum of the 10 item scores. The 
maximum possible score is 32. The DRS appears to identify delirium and 
quantitate its severity. The interrater reliability, as described by Trzepacz et al., 
is high with an intraclass correlation of 0.97. 
STATISTICAL ANALYSIS 
The data were analyzed using the statistical package SPSS/PC+ version 4.0.1. 
Methods of statistical analysis will be explained in the corresponding chap-
ters. 
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Chapter 5 
DETECTING AND MEASURING THE 
SEVERITY OF DELIRIUM WITH THE 
SYMPTOM RATING SCALE FOR 
DELIRIUM 
INTRODUCTION 
The comparison of the findings of different research studies on delirium is bew 
ing hampered by methodological problems. First, the criteria for defining deli-
rium have changed over time and are still being refined and operationalized. 
Second, the groups chosen for investigation and the patient selection criteria 
differ. Third, several case finding methods have been used in the study of deli-
rium to detect the syndrome such as mental status questionnaires, psychomo-
tor tests, clinical interviews, symptom rating scales and EEG assessment [1-3]. 
In this study a diagnosis of delirium after cardiac surgery was based on mental 
status examination using the DSM-III-R criteria. Furthermore, the Symptom 
Rating Scale for Delirium (DRS) was administered for measurement of severity 
of symptomatology [4]. 
The DRS is a 10-item scale which addresses 10 areas characteristically affected 
in delirium, namely: 1) temporal onset of delirium, 2) perceptual disturbances, 
3) hallucination type, 4) delusions, 5) psychomotor behaviour, 6) cognitive 
status during formal testing, 7) physical disorder, 8) sleep-wake cycle distur-
bance, 9) lability of mood and 10) variability of symptoms (see addendum) 
[4]. The items for the scale were chosen on the basis of descriptions of deli-
rium in the literature and the DSM-III and are specifically described. The DRS 
is rated by the clinician using all available information from the patient inter-
view, mental status examination, medical history and tests, nursing observa-
tions, family reports etc. The DRS rating is based on at least a 24-hour period. 
Each item is scored by choosing one best rating of the 3-5 possible ratings. The 
total DRS score equals the sum of the 10 item scores. The maximum possible 
score is 32. 
Trzepacz et a1. [4] found that the DRS identified delirium and quantified its 
severity. The DRS successfully distinguished delirious patients (n=20) from 
control patients vvith dementia (n=9) and schizophrenia (n=9) and from medi-
cally ill inpatients vvithout a psychiatric disorder (n=9), referred for psychiatric 
consultation. No overlap existed in the distribution of scores between the deli-
rious group and any of the control groups. The interrater reliability, as de-
scribed by Trzepacz et a1. [41, was high vvith an intraclass correlation of 0.97. 
No other validity study has been published. A major drawback of the DRS is 
that its scoring relies on clinical judgements based on unstructured clinical as-
sessment, making it expensive to administer (e.g. by a psychiatrist) and diffi-
cult to standardize [1]. Also, the DRS makes no distinction between different 
clinical types of delirium. According to Trzepacz, analysis of the original data 
[4] for only delirious patients suggested a two-factor structure of the DRS (per-
sonal communication). 
In this study, the assumption is tested that the DRS is one hierarchical scale, 
meaning that each of the ten area scored in the DRS is specific for the severity 
of delirium under evaluation. The hierarchical structure is demonstrated, for 
example, by the items 3 and 4 (see addendum). On the one hand, if one of 
these items is rated positively, it is to be expected that in almost all cases also 
item 2 will be scored positively. On the other hand, a positive scoring of item 
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2 does not necessarily mean that the item 3 and/or 4 will be rated positively. 
In our opinion, this reflects a difference in severity of delirium, in the first 
case the patient being more severely delirious than in the second case. 
METHODS 
Postoperatively, on day 3 and 4 (and day 5 for the first hundred study pa-
tients) or earlier, if requested because of behavioural problems, mental status 
examination and chart review was performed for the presence of delirium ac-
cording to DSM-III-R criteria (see chapter 2). All available information from 
the medical staff and relatives of the patients for signs of delirium was inclu-
ded. For a diagnosis of delirium symptoms had to be present for at least 24 
hours and not only on the first postoperative day, which was excluded be-
cause of the difficulty of distinguishing berneen onset symptoms of delirium 
and possible residual effects of anaesthesia. A delirium occurring later than 
day 5 postoperatively was considered not to be directly related to the cardiac 
surgery and therefore not included. At the same time, all patients were rated 
on the DRS, yielding at least rno DRS scores for each patient. The cognitive 
status including general cognitive functions, orientation, attention and con-
centration was assessed using the Mini Mental State Examination. In case of 
delirium patients were followed up every day for mental status examination 
and scoring of the DRS. All patients were rated by one of the two researcher-
psychiatrists. 
STATISTICAL ANALYSIS 
The DRS scores on day 3 postoperatively (DRS 3) and, since not all patients be-
came delirious on the same day, the maximum DRS (DRS max.) scores of deli-
rious and non-delirious patients were compared applying statistics for ordinal 
variables. Boxplots, showing the median and the location of the first and third 
quartile, for the DRS 3 and DRS max. scores are presented for both delirious 
and non-delirious patients. The frequencies of each of the item scores of the 
DRS 3 and DRS max. are shown. Spearman rankorder correlations were per-
formed to analyze the relationship between the item scores and the corrected 
item total-score (item total-score minus value of item it is correlated with). To 
examine the presence of underlying dimensions factor analysis, followed by 
varimax rotation, was performed on the resulting correlation matrix. 
Subgroups of delirious patients were sought by means of duster analysis. 
To test the scalability of the DRS, making the assumption of a hierarchical 
structure of the scale, Mokken Scale Analysis, a stepwise search procedure, was 
done and the reliability coefficient was computed, after dichotomizing the 
items of the DRS [5-7]. 
RESULTS 
The DRS 3 scores ranged from 2-29 for the deliriOUS group compared to a 
range from 1-9 for the non-delirious group. The DRS max. scores ranged from 
7-29 in the patients with delirium and from 1-11 in the non-delirious patients. 
In figure 1 and 2 the boxplots of the DRS 3 and DRS max. scores for both 
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groups are presented. The median DRS 3 score was 14 for the delirious patients 
and 4 for the non-delirious patients, while the median DRS max. score for 
both groups was 20 and 4, respectively. The small overlap in the DRS max. 
scores indicated that the DRS has high discriminant validity. 
Figure 1 
Boxplots of Delirium Rating Scale scores on day 3, postoperatively, for 
delirious (n=254) and non-delirious patients (n=29) 
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Figure 2 
Boxplots of maximum scores on the Delirium Rating Scale for delirious 
(n=36) and non-delirious patients (n=256) 
" 
Q) 
r01 
a: ' ~ 10] 
:2 
I 
oLI _~==-__ --:-:--_~ 
no yes 
Delirious 
80 
However, contrary to the findings of Trzepacz et al. [4], the lowest DRS max. 
scores of the delirious patients were in the range of the higher scores of the 
nonwdelirious patients due to the fact that, in some cases, at the time of the 
first possible rating -after having been intubated and/or sedatedw patients were 
no longer (fully) delirious. 
In table 1 and table 2 tbe frequencies of the DRS 3 and DRS max. item-scores, 
respectively, are shown for delirious and nonwdelirious patients. 
Table 1 
The frequency of the DRS-item scores on day 3, postoperatively, for de-
lirious (n=40) and non-delirious patients (n=256) 
DRS- Ratings of nonwdelirious patients"" 
items 0 ,- 2 3- .- unknown 
item 1 255 (99.6%) 0(0.0%) 0(0.0%) 0(0.0%) 
-
1 (0.4%) 
item 2 157 (61.3%) 94 (36.7%) 3 (1.2%) o (O.O%) 2 (0.8%) 
item 3 253 (98.8%) 1 (0.4%) o (O.O%) 0(0.0%) 2 (O.8%) 
item 4 254 (99.2%) 0(0.0%) 0(0.0%) 0(0.0%) - 2 (0.8%) 
item 5 175 (68.4%) 78 (30.5%) 1 (0.4%) o (O.O%) - 2 (0.8%) 
item 6 93 (36.3%) 130 {50.8%} 17 (6.6%) 14 (5.5%) 0(0.0%) 2 (0.8%) 
item 7 o (O.O%) 184 (71.9%) 71 (27.7%) 
-
1 (0.4%) 
item 8 72 (28.1%) 153 (59.8%) 29 (11.3%) 1 (0.4%) o (O.O%) 1 (0.4%) 
item 9 159 (62.1%) 91 (35.5%) 5 (2.0%) o (O.O%) - 1 (0.4%) 
item 10 251 (98.0%) 4 (1.6%) - 0(0.0%) 1 (0.4%) 
'" not all ratings are possible on afl items(-) 
DR$- Ratings of delirious patients"" 
items 0 ,- 2 3- .- unknown 
item 1 13 (32.5%) 1 (2.5)% 0(0.0%) 4 (35.0%) 12 (30%) 
item 2 4(10.0%) 11 (27.5%) 6 (15.0%) 7 (17.5%) 12 (30%) 
item 3 19 (47.5%) 0(0.0%) 8 (20.0%) 1 (2.5'310) - 12 (30%) 
item 4 21 (52.5%) 1 (2.5%) 0(0.0%) 6 (15.0%) - 12 (30%) 
item 5 6 (15.0%) 13 (32.5%) 6 (15.0%) 3 (7.5%) 12 (30%) 
item 6 1 (2.5%) 7 (17.5%) 2 (5.0%) 16 (40.0%) 2 (5.0%) 12 (30%) 
item 7 0(0.0%) 11 (27.5%) 17 (42.5%) 
-
12 (30%) 
item 8 1 (2.5%) 11 (27.5%) 11 (27.5%) 5 (12.5%) 0(0.0%) 12 (30%) 
item 9 12 (30.0%) 6 (15.0%) 10 (25.0%) 0(0.0%) - 12 (30"1o) 
item 10 14 (35.0%) - 8 (20.0%) - 6 (15.0%) 12 (30%) 
81 
Table 2 
The frequency of the item-scores on the DRS max. for delirious patients 
(n=40) 
DRS~ Ratings of delirious patients* 
items 0 ,. 2 3' •• unknown 
item 1 5 (12.5%) 1 (2.5%) 0(0.0%) 30 (75.0%) - 4 (10%) 
item 2 2 (5.0%) 8 (20.0%) 8 (20.0%) 18 (45.0%) 4 (10%) 
item 3 18 (45.0%) 0(0.0%) 16 (40.0%) 2 (5.0%) 4 (10%) 
item 4 23 (57.5%) 0(0.0%) 0(0.0%) 13 (32.5%) 4(10%) 
item 5 1 (2.5%) 15 (37.5%) 12 (30.0%) 8 (20.0%) 4 (10%) 
item 6 2 (5.0%) 3 (7.5%) 0(0.0%) 25 (62.5%) 6 (15.0%) 4 (10%) 
item 7 0(0.0%) 6 (15.0%) 30 (75.0%) - - 4 (10%) 
item 8 0(0.0%) 5 (12.5%) 16 (40.0%) 14 (35.0%) 1 (2.5%) 4 (10%) 
item 9 6 (15.0%) 12 (30.0%) 17 (42.5%) 1 (2.5%) 4 (10%) 
item 10 4 (10.0%) 19 (47.5%) 13 (32.5%) 4 (10%) 
" not all ratings are possible on al/ items (-) 
It is remarkable that not for all delirious patients the scores of the items Iitem~ 
poral onset/! and "cognitive status II of the DRS max. were abnormal, since 
both are necessarily disturbed for a diagnosis of delirium according to the 
DSM~III~R criteria used. However, the item "cognitive status" of the DRS was 
rated using the MMSE, possibly being normal at the time of administering the 
DRS. The item "temporal onset" was sometimes rated as not being present in 
case of postoperative delirium of longer duration, incorrectly, since none of 
the patients had been delirious or psychotic, preoperatively. It also became 
clear that most delirious patients had no apparent delusions nor hallucina~ 
tions, although almost all of them scored highly on perceptual disturbances, 
contrary to non-delirious patients on day 3. The cognitive status on day 3, 
postoperatively, of the delirious patients was more seriously disturbed than 
that of the non-delirious patients shOwing mainly very mild cognitive defects 
due to pain and/or emotional lability. (Almost) all delirious patients had psy-
chomotor behaviour and sleep disturbances. Most of them showed lability of 
mood and variability of delirious symptoms. A majority of the non~delirious 
patients, not surprisingly, complained of sleep disturbances and a minority 
also experienced psychomotor behaviour problems and lability of mood. 
The DRS max. item·scores for 36 delirious patients were correlated with each 
other using the Spearman rankorder correlation. Cognitive dysfunction corre-
lated with psychomotor behaviOur (r=0.41, p=.014), sleep-wake cycle distur-
bances (r=0.39, p=.02) and variability of symptoms (r=0.38, p=.023). In line 
with Trzepacz et al. [4J, temporal onset of symptoms correlated well with per-
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Figure 3 
Loading of the items of the DRS max. on two identified factors and case-
and clusterscores in relation to these factors 
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ceptual disturbances (r=0.53, p=.OOI). However, contrary to their findings this 
item did not correlate with lability of mood, but with psychomotor behaviour 
(r=0.50, p=.002) and variability of symptoms (r=.37, p=.028). Psychomotor be-
haviour further correlated well with perceptual disturbances (r=0.59, p<.OOI), 
sleep-wake cycle disturbances (r=0.39, p=.02), lability of mood (r=0.37, p=.027) 
and variability of symptoms (r=0.46, p=.005). Hallucination type and delu-
sions only correlated with perceptual disturbances (r=.50, p=.002 and r=0.35, 
p=.036, respectively). Perceptual disturbances also correlated with variability 
of symptoms (r=.33, p=0.47) and mood lability with variability of symptoms 
(r=0.40, p=.013). Of all the items, only "physical disorder" and "sleep-wake 
cycle disturbance" did not correlate with the (corrected) item total-scores. 
Factor analysis of the resulting correlation matrix yielded, after varimax rota-
tion for maximizing the variance per factor, the following three underlying 
factors: factor I) temporal onset of symptoms, perceptual disturbances, delu-
sions and psychomotor behaviour; factor 2) psychomotor behaviour, cogni-
tive dysfunction, sleep-wake cycle disturbances and variability of symptoms; 
and factor 3) physical disorder and the absence of lability of mood. This last 
factor, however, most probably is an artefact, since the patients scoring highly 
on this item were more severely ill and, therefore, emotional lability was often 
difficult to assess. 
It is however important to realize that for a reliable factor analysis at least ten 
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patients per item are needed. Therefore, in this case, the results only concern 
this specific patient sample and cannot be generalized. 
Cluster analysis identified four subgroups of delirious patients as presented in 
table 3. The different clusters were not associated vvith age, number of compli-
cations, length of hospital stay, mortality or any of the identified predictors 
(chapter 6). 
However, cluster 3 appeared to be significantly associated vvith a higher DRS 
Table 3 
Ratings of subgroups of delirious patients by cluster analysis (n=36)* 
DRS- Cluster 1 In=10) 
items 0 1 2 3 4 
item 1 1 o 0 
item 2 0 1 6 3 
item 3 0 o 9 
item 4 10 0 0 0 
Cluster 2 In=7) 
o 1 2 
! 
1 0 0 
021 
700 
7 o 0 
3 
6 
4 
o 
o 
item 5 0 523 0 1 6 0 
4 
item 6 0 10722 o 0 5 0 
item 7 0 28 025 
item8 0 0 4 5 1 0 2 4 o 
item 9 1 360 - 133 o 
item 10 01- 6
1
-1 4 °j-14 3 
... not alf ratings are possible on aff items (-) 
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max. score (p<.OOOl), but not with the maximum dosage of haloperidol, possi-
bly reflecting more severe delirium vvith psychotic symptoms as shown in ta-
ble 3. The patients in cluster 4 seemed to be a subgroup of delirium vvithout 
psychotic symptoms, although judged to be confused about external reality. 
In cluster 1 all patients had hallucinations, but no delusions. Clustering the 
delirious patients into three groups consequently joined cluster 1 and 2, fol-
lowed by cluster 4 when the delirious patients were clustered into two groups. 
In figure 3 the case- and clusterscores are shown in relation to the two identi-
fied factors, factor 1 representing a "psychotic" dimension and factor 2 a "cog-
nitive/emotional" dimension as the itemloadings on the two factors are indi-
cating. 
Mokken Scale Analysis of the DRS 3 of 271 patients (in 25 cases items of the 
DRS were missing) was performed to test the scalability of the DRS, after the 
items had been dichotomized (possible rating per item 0 or 1). The reliability 
of the DRS proved to be satisfactory (p=_81), a p of more than .70 being a mi-
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Table 4 
Mokken Scale Analysis of the Symptom Rating Scale for delirium (n=27)* 
Mean score per item H; 
Delusions (item 4) 0.02 55 
Type of hallucinations (item 3) 0.02 .71 
Psychomotor behaviour (item 5) 0.02 .66 
Variability of symptoms (Item 10) 0.03 .71 
Temporal onset (item 1) 0.03 .75 
Lability of mood (item 9) 0.04 .56 
Perceptual disturbances (item 2) 0.04 .66 
Sleep-wake cycle disturbance (item 8) 0.14 .44 
Cognitive status (item 6) 0.16 .60 
Coefficient of scalability H .61 
Coefficient of reliability Rho .81 
"'item 7 was excluded from further calculations because it was a constant. 
nimum requirement and a p of over .SO being desirable. 
The H; coefficients (all >.40) and the H coefficient (.61) indicated a strong 
hierarchical scale. A higher value for Hi implies a better fit of the item in the 
scale. These results seemed to confirm the supposed hierarchical character of 
the DRS, implicating that each item is related to a certain severity of delirium 
and that the items may be summed to provide a consistent measure of sever~ 
ity of delirium. 
DISCUSSION 
The DRS was analyzed using different methods to look for underlying dimen~ 
sions (factor analysis), subgroups of delirium (cluster analysis) and to test the 
scalability (Mokken Scale Analysis). The small overlap in the DRS scores of de~ 
lirious and non-delirious patients indicated high discriminant validity. 
Contrary to the findings of Tzrepazc et a1. cognitive dysfunction was not cor-
related 'With hallucination type nor 'With delusions, implicating that patients 
'With psychotic features were not, necessarily, more cognitively disturbed as is 
often assumed [4]. 
In our opinion, the dimensions and clusters found both reflected different de-
grees of severity of delirium, the patients with mainly psychotic features as de-
monstrated by factor 1 and cluster 3 (followed by cluster 2 and 1), showing 
more severe delirium and a higher DRS max. score than the patients 'With 
mainly cognitive and emotional disturbances (as expressed in factor 2 and 
cluster 4). This supposed hierarchical character was confinned by Mokken 
Scale Analysis. 
A major problem proved to be the fact that the DRS is lacking the pOSSibility 
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to assess non·communicative patients. Since about 25% of the delirious pa-
tients were not able to communicate during some time of delirium, the DRS 
scores are not always reflecting the presence nor the severity of delirium. Also, 
it was not possible to distinguish hypoactive from hyperactive delirious pa-
tients (both disturbances were rated on item 5) nor hypoalert from hyperalert 
patients (attentional abnormality was rated on item 6 as one of the cognitive 
disturbances) making it impossible to look for different clinical subtypes of de-
lirium. Another drawback of the DRS is the fact that it is based on unstruc-
tured clinical assessment introducing observation bias and decreasing reliabi-
lity. 
Operationalizing the criteria used, structuring and standardizing the assess-
ments, recording individual symptoms and including an observational part, as 
was done in the development of the Delirium Symptom Interview [1], will 
further refine research instruments and improve the reliability and generaliza-
bility of the results found. 
ADDENDUM 
THE SYMPTOM RATING SCALE FOR DELIRIUM (DRS) [4] 
Item 1: Temporal onset o(symptoms 
This item addresses the time course over which symptoms appear; the maxi-
mum rating is for the most abrupt onset of symptoms - a common pattern for 
delirium. Dementia is usually more gradual in onset (Lipowski, 1982). Other 
psychiatric disorders, such as affective disorders, might be scored with 1 or 2 
pOints on this item. Sometimes delirium can be chroniC (e.g., in geriatric nur-
sing home patients), and unfortunately only 1 or 2 points would be assessed 
in that situation. 
o = No significant change from longstanding behaviour, essentially a chronic 
or chronic-recurrent disorder. 
1 = Gradual onset of symptoms, occurring within a 6-month period. 
2 = Acute change in behaviour or personality occurring over a month. 
3 = Abrupt change in behaviour, usually occurring over a 1- to 3-day period. 
Item 2: Perceptual disturbances 
This item rates most highly the extreme inability to perceive differences be-
ween internal and external reality, while intermittent misperceptions such as 
illusions are given 2 points. Depersonalization and derealization can be seen 
in other organiC mental disorders like temporal lobe epilepsy, in severe depres-
sion, and in borderline personality disorder and thus are given only 1 pOint. 
o = None evident by history or observation. 
1 = Feelings of depersonalization or derealization. 
2 = Visual illusions or misperceptions including macropSia, micropSia; e.g., 
may urinate in wastebasket or mistake bedclothes for something else. 
3 = Evidence that the patient is markedly confused about external reality; e.g., 
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not discriminating between dreams and reality. 
Item 3: Hallucination type 
The presence of any type of hallucination is rated. Auditory hallucinations 
alone are rated with less weight because of their common occurrence in pri-
mary psychiatric disorders. Visual hallucinations are generally associated with 
organic mental syndromes, although not exclusively, and are given 2 points. 
Tactile hallucinations are classically described in delirium, particularly due to 
anticholinergic toxicity, and are given the most points. 
o = Hallucinations not present. 
1 = Auditory hallucinations only. 
2 = Visual hallucinations present by patient's history or inferred by observa-
tion, with or without auditory hallucinations. 
3 = Tactile, olfactory, or gustatory hallucinations present with or without vi-
sual or auditory hallucinations. 
Item 4: Delusions 
Delusions can be present in many different psychiatric disorders, but tend to 
be better organized and more fixed in non-delirious disorders and thus are gi-
ven less weight. Chronic fixed delusions are probably most prevalent in schi-
zophrenic disorders. New delusions may indicate affective and schizophrenic 
disorders, dementia, or substance intoxication but should also alert the dini-
cian to possible delirium and are given 2 points. Poorly formed delusions, of-
ten of a paranoid nature, are typical of delirium (Lipowski, 1980). 
o = Not present. 
1 = Delusions are systematized, i.e., well-organized and persistent. 
2 = Delusions are new and not part of a preexisting primary psychiatric disor-
der. 
3 = Delusions are not well circumscribed; are transient, poorly organized, and 
mostly in response to misperceived environmental cues; e.g., are paranoid 
and involve persons who are in reality caregivers, loved ones, hospital 
staff, etc. 
Item 5: Psychomotor behaviour 
This item describes degrees of severity of altered psychomotor behaviour. 
Maximum points can be given for severe agitation or severe withdrawal to re-
flect either the hyperactive or the hypoactive variant of delirium (Lipowski, 
1980). 
o = No significant retardation or agitation. 
1 = Mild restlessness, tremulousness, or anxiety evident by observation and a 
change from patient's usual behaviour. 
2 = Moderate agitation with pacing, removing Lv.'s, etc. 
3 = Severe agitation, needs to be restrained, may be comgative; or has signifi-
cant withdrawal from the environment, but not due to major depression 
or schizophrenic catatonia. 
Item 6: Cognitive status during (onnal testing 
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Information from the cognitive portion of a routine mental status examina-
tion is needed to rate this item. The maximum rating of 4 pOints is given for 
severe cognitive deficits while only 1 point is given for mild inattention which 
could be attributed to pain and fatigue seen in medically ill persons. Two 
pOints are given for a relatively isolated cognitive deficit, such as memory im-
pairment, which could be due to dementia or organic amnestic syndrome as 
well as to early delirium. 
o = No cognitive deficits, or deficits which can be alternatively explained by 
lack of education or prior mental retardation. 
1 = Very mild cognitive deficits which might be attributed to inattention due 
to acute pain, fatigue, depression, or anxiety associated with having a me-
dical illness. 
2 = Cognitive deficit largely in one major area tested, e.g., memory, but other-
wise intact. 
3 = Significant cognitive deficits which are diffuse, i.e., affecting many diffe-
rent areas tested; must include periods of disorientation in time or place at 
least once each 24-hr period; registration and/or recall are abnormal; con-
centration is reduced. 
4 = Severe cognitive deficits, including motor or verbal perseverations, confa-
bulations, disorientation to person, remote and recent memory deficits, 
and inability to co-operate with formal mental status testing. 
Item 7: Physical disorder 
Maximum points are given when a specific lesion or physiological disturbance 
can be temporally associated with the altered behavior. Dementias are often 
not found to have a specific underlying medical cause, while delirium usually 
has at least one identifiable physical cause (Trzepacz et aI., 1985). 
o = None present or active. 
1 = Presence of any physical disorder which might affect mental state. 
2 = Specific drug, infection, metabolic, central nervous system lesion, or other 
medical problem which can be temporally implicated in causing the al-
tered behaviour or mental status. 
Item 8: Sleep-wake cycle disturbance 
Disruption of the sleep-wake cycle is typical in delirium, with demented per-
sons generally having significant sleep disturbances much later in their course 
(Lipowski, 1982). Severe delirium is on a continuum with stupor and coma, 
and persons with a resolving coma are likely to be delirious temporarily. 
o = Not present; awake and alert during the day, and sleeps without signifi-
cant disruption at night. 
1 = Occasional drowsiness during day and mild sleep continuity disturbance 
at night; may have nightmares but can readily distinguish from reality. 
2 = Frequent napping and unable to sleep at night, constituting a Significant 
disruption or a reversal of the usual sleep-wake cycle. 
3 = Drowsiness prominent, difficulty staying alert during interview, loss of 
self-control over alertness and somnolence. 
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4 = Drifts into stuporous or comatose periods. 
Item 9: Lability of mood 
Rapid shifts in mood can occur in various organic mental syndromes, perhaps 
due to a disinhibition of one's normal control. The patient may be aware of 
this lack of emotional control and may behave inappropriately relative to the 
situation or to his/her thinking state, e.g., crying for no apparent reason. 
Delirious patients may score points on any of these items depending upon the 
severity of the delirium and upon how their underlying psychological state 
"colours" their deliriOUS presentation. Patients with borderline personality dis~ 
order might score 1 or 2 points on this item. 
o = Not present; mood stable. 
1 = Affect/mood somewhat altered and changes over the course of hours; pa~ 
tient states that mood changes are not under self~control. 
2 = Significant mood changes which are inappropriate to situation, including 
fear, anger, or tearfulness; rapid shifts of emotion, even over several 
minutes. 
3 = Severe disinhibition of emotions, including temper outbursts, uncon~ 
trolled inappropriate laughter, or crying. 
Item 10: Variability of symptoms 
The hallmark of delirium is the waxing and waning of symptoms, which is gi~ 
ven 4 points on this item. Demented as well as delirious patients, who become 
more confused at night when environmental cues are decreased, could score 2 
points. 
o ~ Symptoms stable and mostly present during daytime. 
2 = Symptoms worsen at night. 
4 = Fluctuating intenSity of symptoms, such that they wax and wane during a 
24-hr period. 
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Chapter 6 
DELIRIUM FOLLOWING CARDIAC 
SURGERY: 
INCIDENCE AND PREDICTIVE FACTORS 
R.C. van der Mast, W. W. van den Broek, D. Fekkes, L. Pepplinkhuizen, 
E.P. Krenning and F.H.J. Roest 
INTRODUCTION 
The actual incidence of delirium after cardiac surgery with CPB is unknown. 
The estimates vary considerably somewhere between 3% and 47%, even when 
taking only those studies into account in which delirium is more or less well 
defined and comparable to current criteria as described in chapter 2 [1]. 
Many attempts have been made to identify risk factors for postcardiotomy de-
lirium such as demographic and psychosocial variables like age, gender and 
personality factors; illness variables like a history of myocardial infarction; 
preoperative variables like severity of illness, anxiety, the presence of brain 
damage and exposure to psychoactive drugs; intraoperative variables like time 
on cardiopulmonary bypass, hypothermia and mean blood pressure; and post~ 
operative variables like severity of illness in the recovery room, sleep depriva· 
tion and low cardiac output [1,2]. Most of the results of the studies reporting 
on postoperative delirium after cardiac surgery are not comparable and it has 
not been possible to identify one strong risk factor consistently [1]. 
Although there have been (preliminary) reports on the increased risk of post-
operative delirium associated 'With, preoperatively, markedly abnormal levels 
of sodium, potassium or glucose [3], and, postoperatively, with raised serum 
levels of anticholinergic drugs [4-6J, cortisol and beta-endorphin [7,8J and de-
creased plasma tryptophan levels [9,10], almost nothing is known about pos-
Sibly predictive biological parameters for postoperative delirium and media-
ting pathophysiological mechanisms. 
In chapter 4 the aims, patients, research methods and instruments of this 
study are described and accounted for. In summary, we examined 296 patients 
undergoing elective cardiac surgery pre- and postoperatively to estimate, 
among others, the current inddence of delirium after (various types of) car-
diac surgery and to determine possible preoperative predictors, in particular 
the role of reduced plasma tryptophan and altered plasma aminoacids in rela-
tion to a catabolic state. 
METHODS 
MATERIALS 
Predictive variables included in the analyses were: age, gender, marital state, 
level of education, employment status, somatic and psychiatric history during 
the last five years, number of preoperative medical diagnoses, inclusion in the 
study as an in~ or outpatient, a history of alcohol abuse and admission medi-
cations; type of surgery; preoperative scores on the Mini Mental State 
Examination (MMSE), the 30~item version of the General Health 
Questionnaire (GHQ), the Miinchner Alcohol Test (MALT), the Daily Activity 
List (DAL) and the Profile of Mood States (POMS); laboratory test results inclu-
ding plasma amino acid concentrations (tryptophan ~TRP-, leucine ~LEU~, iso~ 
leucine ·ILE~, tyrOSine ~TYR~, valine ·VAL-, phenylalanine ~PHE~, taurine ~TAU~ 
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methione-MET- and serine -SER-), thyroid function tests (T3, rT3' TSH), corti-
sol, sodium, potassium and glucose, (pre)albumin, folic acid and vitamin BI, 
E6 and E,2. The molar ratio TRP:albumin, the plasma ratios of TRP, TYR, PHE, 
the ratio TAU: MET x SER and the ratio rT3:T3 were calculated (see chapter 4). 
Since, at this pOint, the purpose was to detect possible risk factors before sur~ 
gery, intra- and postoperative variables were not included. 
STATISTICAL ANALYSIS 
Independent sample t-tests for comparison of the means of continuous varia-
bles and X2 -tests for comparison of proportions were used to assess a bivariate 
relationship with postoperative delirium. All tests were performed two-sided. 
To identify the factors independently associated 'With delirium bivariate corre-
lates of delirium were entered in a backward stepwise logistic regression analy-
sis with a significance level of .10 for entering. For this purpose, continuous 
variables were dichotomized at empirical cutpoints. Except for the MMSE, op-
timal cut-off pOints were found by calculating X2 tests for increasing percenti-
les (10%/90%, 20%/80% .. etc.). Odds ratiOS, representing the odds of delirium 
in patients 'With a specific risk factor relative to the odds of delirium in pa-
tients 'Without the risk factor, and their 95% confidence intervals (CI) were cal-
culated. The ability of the modeJ, resulting from logistic regression analysis, to 
discriminate between delirious and non-delirious patients was evaluated by 
Receiver Operating Characteristics (ROC) curve analysis [11], comparing the 
proportion correctly identified, delirious patients (true positive rate:::: sensiti-
vity) with the proportion incorrectly identified, non-delirious patients (false 
positive rate = I-specificity). A model 'With no predictive power would be a 45° 
line. The greater the predictive power, the more convex the curve. The area 
under the curve is used as a measure for predictive power. A model with no 
predictive power would have an area 0.5, a perfect model an area 1. A cut-off 
level was chosen which maximized the correct classification of delirious pa-
tients. Sensitivity and specificity at the resulting level were determined. To test 
the stability of the model, a bootstrap resampling procedure was applied [12]. 
A random sample of 50% of the cases in the study sample was drawn a 100 
times. Each time a backward step'Wise logistic regression analysis was perfor-
med on the variables in the model. The number of times a predictor was selec-
ted is an indication of the strength of that predictor [12]. A ROC curve was 
computed using the predicted probabilities of the selected (estimate) and non-
selected (cross-over) cases, resprectively. The difference between the areas un-
der both ROC curves is an indication of the shrinkage due to overfitting. 
RESULTS 
The sociodemographic characteristics of the overall sample are shown in table 
1. The group studied included 192 (65 %) men and 104 (53 %) women. For 
both men and women the mean age was 63 (SD 10 and 13, respectively) years. 
The incidence of delirium, according to DSM-III-R criteria, appeared to be 
strongly associated 'With age. Under the age of 60 years delirium did not occur 
to increase subsequently with age (table 2 and figure 1). 
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Figure 1 
Incidence of delirium after cardiac surgery: Age distribution of delirious 
(n=40) versus non-delirious patients (n=256). 
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The results of univariate analysis on all possible predictive variables for deli~ 
rium after cardiac surgery are shown in table 3. Delirious patients were signifi-
cantly older (mean age 71 years, SD 5.4) compared with non-delirious patients 
(mean age 61 years, SD 11.4). 
Delirium was more common among patients included in the study as an inpa-
tient, which might be an indication of severity of illness. Delirium was also as-
sociated with higher scores on the GHQ and the DAL, reflecting at first sight 
the presence of psychiatric symptoms and physical impairment, respectively. 
However, further analysis of the nature of the psychiatric symptoms scored on 
the GRQ revealed that delirious patients differed from non-delirious patients 
espedally on the factor 'feelings of incompetence' (t(291)=-1.74, p=.08), pro-
bably reflecting, like the DAL, poor physical functioning more than psychopa-
thology [13]. Patients with a MMSE-score < 24, suggestive of cognitive dys-
function, had higher rates of delirium. No differences were found between the 
scores on the (different subscales depression, anger, fatigue, vigour and ten-
sion of the) POMS of delirious and non-delirious patients. 
Separately, the preoperative plasma concentrations of the aminoacids did not 
discriminate delirious from non-delirious patients. However, the PRE-ratio ap-
peared to be significantly higher for the delirious group. Delirious patients 
also differed from non-delirious patients both in their serum concentrations of 
rT3 and their ratio rT 3:T 3, but not in the levels of T 3, TSH and cortisol. 
94 
Table 1 
Sociodemographic characteristics of the overall population (n=296) 
Mean age (SD) 631111 
Age range (years) 26-83 
Gender 
Male 192 (65%) 
Female 104 (35%) 
Marital state/living situation 
Married/Living together 235 {79%J 
Unmarried/Living alone 61 (21%) 
Education 
More than 12 years 29 (10%) 
7-12 years 164 {S5%l 
6 years or less 101 (34%) 
Unknown 2 ( 1%) 
Employment 
Employed 50 (17%) 
Retired 132 (45%) 
Disabled 49 (17%) 
Housewife 52118%1 
Unemployed/Unknown 13(3%) 
Delirium was assodated with a significantly lower mean albumin concentra-
tion and a decreased vitamin Bllevel. There were no differences between deli-
rious and non-delirious patients in the mean levels of sodium, potassium, glu-
cose/ prealbumin, folic acid or BIZ. We did not find markedly abnormal levels 
(defined as sodium <130 or >150 mmolll, potassium < 3 or> 6 mmolll or glu-
cose < 3.3 or >16.7 mmolll) to be very prevalent (n=4, n=4 and n=22, respecti-
vely) and, even if combined into one single variable, not related to the occur-
rence of delirium postoperatively, contrary to the findings of Marcantonio et 
a1. [3]. 
Table 2 
Incidence of delirium (n=296) 
Total population 
Population < 60 years (n",96) 
Population;::: 60 years 
60-64 years (n=50) 
65-69 years (n:=S8) 
70-74 years (n",S8) 
75+ years {n",34l 
Incidence 
40 
0 
40 
6 
12 
10 
12 
95%CI 
(13.5%) 9.6-17.4% 
(0%) 0-3.8% 
(20%) 14.5-25.5% 
(12%) 5-24% 
(21%) 11-33% 
(17%) 9-29% 
(35%) 20-54% 
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Table 3 
Possible predictive variables for delirium (n=296) 
Non-delirious Delirious Test-value p-value 
Sociodemographic characteristics: 
Mean age (SO) 61.4 (11.3) 71.0 (5.4) t(294)=-5.23 .000 
Age;:: 65 years 116 (45%) 34 (85%) )«(1)=21.80 .000 
Gender: 
Male 167 (65%) 25 (63%) )((1)",,11 .74 
Female 89 (35%) 15 (38%) 
Marital state: 
Married etc. 201 (79%) 34 (85%) X'111=.89 .35 
Living alone 55 (22%) 6 (15%) 
Education (years): 
> 12 26 (10%) 3(8%) 
:$12and>S 143 (56%) 21 (53%) X'(2)",.78 .68 
~6 85 (34%) 1S(40%} 
Employment: 
Employed 47 (18%) 3(8%) 
Retired 107 (42%) 25 (63%) 
Disabled 44 (17%) 5 (13%) X'131=5.88 .12 
Housewife 45 (18%) 7 (18%) 
Unemployed 13{5%) 0(0%) 
Medical features: 
Somatic history: 
None 14 (65%) 1 (3%) 
Outpatient 23(9%) 4 (100/0) X'(3)",2.48 
.48 
'-2 admissions 177 (69%) 25 (63%) 
c: 3 admissions 41 (16%) 10 (25%) 
Psychiatric history: 
None 233 (91%) 39 (98%) 
Outpatient 21 (8%) 1 (3%) X'(11=1.66 .20 
1-2 admissions 2 (1%) 
Number of diagnoses: 
1 diagnosis 57 (22%) 7 (18% ) 
2 diagnoses 87 (34%) 15 (38%) X'131=.61 .89 
3 diagnoses 73 (29%) 11 (28%) 
4 diagnoses 39 (15%) 7 (18%) 
Preoperative situation: 
Outpatient 151 (59%) 18 (45%) X'111=2.76 .096 
Inpatient 105 (41%) 22 (55%) 
Alcohol consumption 
None 182 (71%) 28 (70%) 
Regular 73 (29%) 11 (28%) X 2(1)"".OO3 .96 
Abuse 1 (0%) 1 (3%) 
Admission medication: 
Nifedipine 42 (16%) 11 (28%) X'111=2.90 .089 
With regard to their sociodemographic characteristics delirious patients did 
not differ from non-delirious patients. Delirium was not associated with the 
number of preoperative medical diagnoses, nor with a more extensive somatic 
or psychiatric history during the last 5 years. The few patients reporting cur-
rent or past alcohol abuse did not have higher rates of delirium. Also, none of 
the five patients having a score of more than 3 on the MALT, being suggestive 
of alcohol abuse, became delirious. 
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Table 3b 
Possible predictive variables for delirium (n=296) 
Non-delirious Delirious Test-value p-value 
Test-scores: 
GHQ-30: 
Means (SO) 7.9116.81 10.00 (7.1) t(294)=-1.80 .074 
Score> 7 110(43%) 24 (60%) X~(1)=4.05 .044 
DAL: 
Means (SO) 4.79 (2.4) 5.15 (2.4) t(294)",,-.87 .38 
Score> 6 58123%1 14 (35%) X'111·2.86 .090 
MMSE: 
Means (SO) 27.5512.61 27.18 (2.7l t{293l=.84 .40 
Score:::; 23 19 (7%) 6 (15%) X~(1)=2.77 .096 
MALT: 
Score >3 5 (2%) 0(0%) Fisher's Exact 1.0 
POMS (means+SD): 
Depression 3.00 {4.4l 2.69 (4.4) t(285)",.40 .69 
Anger 2.0613.81 1.44 (2.2) t(284)=1.45 .15 
Fatique 4.08 (5.0) 5.05 (5.5) t(285)=-1. , 0 .27 
Vigour 1'.01 (4.0) 10.45 (4.6) t(284l=.79 .43 
Tension 7.30 (5.4) 6.1814.91 t(285)=1.19 .24 
Laboratory results: 
Animoacids (Ilmol/I, means+SD): 
TRP 40.53 (8.6) 38.2818.11 t(294)",1.56 .12 
LEU 124.60 (27.1) 120.45 (24.9) t(294)",.91 .36 
ILE 61.27 (13.7) 62.08 (13.2) t(294)",-.34 .73 
TYR 58.18 (14.5) 56.58 (12.4) tI294) •. 66 .51 
VAL 217.17 (45.3) 205.65 142.01 t(294)",1.51 .13 
PHE 54.60 (10.7) 56.73 (10.6) t(294)",,-1.17 .24 
TAU 46.56 (17.8) 48.93 (11.0) t(294)",-.82 .42 
MET 21.15 (5.0) 20.6514.21 tI294) •. 59 .55 
.SER 99.18 (22.2) 95.58118.91 t(294)"".97 .33 
TRP-ratio 7.99911.681 7.73411.631 t(294)::.93 .35 
TYR-ratio 11.751 (2.42) 11.888 (2.60) t(294)",-.33 .74 
PHE-ratio 10.983 (1.09) 11.895 (2.19) t(294)",-2.52 .015 
TAU: MET*SER 2.434 (1.09) 2.686 (1.04) t(294)=-1.37 .17 
Ratio TRP: albumin 0.067 (0.15) 0.066 (0.13) t{288l=.53 .60 
Thyroid function test 
(means+SO): 1.501 (.043) 1.451 (0.43) t(294)",.69 .49 
Ts (nmo1!1 0.252 (0.11) 0.288 10.131 t(294)=-1.83 .068 
rTa (nmo1!l) 1.732 (4.22) 1.324 (1.33) t(294)"".61 .55 
THS ImU/li 0.176 10.091 0.212(0.11) t(294)",-2.33 .020 
Ratio rTa:Ts 524.0 (694.9) 530.4 (164.2) tI2941··.06 E6 
Cortisol (nmolf1) 
Further laboratory results 
(means+ SO): 247.6 (66.2) 230.0151.5) t(291)=1.61 .11 
Prealbumin (mg/l) 41.39 (4.7) 39.6512.81 tI2881·3.27 .002 
Albumin (gil) 141.0 (4.0) 140.8 (4.1) t(292)",.25 .80 
Sodium (mmol/l) 4.2 10.61 4.210.51 t(292)=-31 .76 
Potassium (mmo1!1) 10.6 (4.0) 10.3 (3.4) t(261)"",40 .69 
Glucose (mmo1!t) 
Vitamins (nmo1!l, means+SO): 561.0 (376.4) 616.2 (383.1) t(294)",-.86 .39 
Folic acid in ery's 103.6 (27.4) 94.8 (19.3) t(264)",1.84 .066 
B, 60.86140.8) 49.53 (14.8) t(266)=1.65 .101 
8, 312.4 (132.5) 294.4 (156.2) t(289l=.78 .4 
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Figure 2 
The probability and Odds Ratio of delirium in relation to age 
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Nifedipine, a calcium re-uptake inhibitor for treatment of angina pectoris that 
has been associated with anticholinergic effects in vitro [14J, was the only me-
dication used preoperatively that was associated with delirium. The number of 
patients taking medicines, usually associated with delirium, was too small to 
Table 4 
Incidence of delirium in relation to type of cardiac surgery (n=296)* 
Number of patients Incidence 95%CI (%) 
CABG 177 (59%) 13.6% (n=24) 8.5-18.6 
VR 74 (25%) 9.5% (n",7) 3.9-18.5 
CABG+VR 27 (9%) 22.2% (n=6) 8.6-42.3 
OHO 22 (7%) 16.7% (n",3) 3.6-41.4 
·X'(31_2.94, p_.40 
CABG",coronary artery bypass graft; VR=valve replacement; OHO=other heart operations e.g, 
surgery for heart defects such as ventrical septal repair, with or without CABG and/or VR, 
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be able to detect a possible relationship betvveen the occurrence of delirium 
and the preoperative use of, for example, anticholinergic compounds, benzo w 
diazepines or corticosteroids [4w 6,14,lS]. The inddence of postoperative deli w 
rium in the four sub~samples, undergoing different types of cardiac surgery, 
was not significantly different, but the sample sizes of the patients undergoing 
CABG+VR and OHO were rather small as is reflected in the wide 95% Cl's (ta-
ble 4). 
Age proved to be the main risk factor for postcardiotomy delirium (Odds 
Ratio = 1.14, 95% Confidence Interval: 1.08-1.2). The probability and Odds 
Ratio of postoperative delirium in relation to age are shown in figure in figure 
2. Though 60 years appeared to be the optimal cut-off for dichotomizing pa-
tients in different categories, this was not possible since under the age of 60 
years delirium did not occur. Therefore, 65 years, as the nearest cut-off pOint, 
was chosen (table 5). 
Next to age, bivariate correlates of postcardiotomy delirium were: inclusion in 
the study as an inpatient, the preoperative use of nifedipine, a GHQ score> 7, 
a DAL-score > 6, and a MMSE score :5 24. Also, a low albumin concentration 
and both a high ratio rT 3:T 3 and PHE-ratio were correlates of delirium (table 
5). The optimal cutoff for albumin appeared to be a plasma level of 41 gil (cut-
off at 40%), for the ratio rT3:T3 a value of .1450 (cut-off at 40%) and for the 
PHE ratio a value of 13.35 (cut-off at 90%). 
The mean plasma concentration of Vitamin Bl and Vitamin B6 appeared to be 
lower for the delirious patients at p:::;.l, but since there were too many missing 
data, these possible risk variables were not considered in the logistic regression 
analysis. All predictive variables, mentioned in table 5 were entered in a back-
ward stepwise logistic.regression analysis. 
Tabel5 
Bivariate correlates of delirium after cardiac surgery (n=296) 
Risk factor Non-delirious Delirious Odds Ratio p-value 
n=256(%) n:;;:40(%) (95%CI) 
Age ~ 65 years 116{45%1 34{85%) 6.812.8-16.91 <.001 
Inclusion as an inpatient 105(41%) 22(55%) 1.8(.9-3.4) .099 
Use of nifedipine 42(16%) '1(28%) 1.91.9-4.21 .09 
MMSE score::;; 23 19(7%) 6(15%) 2.31.8-6.1 I .10 
GHQ score> 7 110(43%) 24{60%1 2.011.0-3.91 .047 
DAL score> 6 58{23%) 14{35%) 1.81.9·3.81 .094 
Albumin::;; 409/1* 90(36%) 28(70%) 4.112.0·8.61 <.001 
ratio rT3:T3 ~ .1450.,.... 145(57%) 31(78%) 2.611.2·5.81 .015 
PHE-ratio~ 13.35*** 20(SOIo) 9(23%) 3.4(1.4-8.2) .006 
*)(2(1)=16.5, p<.0001 (optimal cut-off at 40%), **)(2=6.3, p=.013 (optimal cut-off at 40%), 
H*)(2(1)",,s.5, p=.004 (optimal cut-off at 90%) 
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Figure 3 
ROC curve showing the proportion correctly identified, delirious patients 
(true positive rate) plotted against the proportion incorrectly identified, 
non-delirious patients (false positive rate) for the best discrimination set 
of predictive variables 
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The combination of predictive variables that resulted in the best discrimina-
tion between delirious and non-delirious patients consisted of age, the plasma 
level of albumin, the score on the GHQ, the value of the PHE ratio and the use 
of nifedipine (table 6). Based on this model, a ROC curve was calculated (fi-
gure 3) showing an area under the curve of 0.81 (Standard Error=.04), indica-
ting predictive power. The predicted probability of delirium was calculated for 
each subject. At the cut-off level, which maximized the correct classification 
Tabel6 
Predictors of delirium after cardiac surgery* 
Predictor 
y intercept 
Age 2: 65 years 
Albumin::;; 40 g/I 
Use of nifedipine 
PHE·ratio 2: 13.35 
GHQ score> 7 
*Log Iikefihood=44.734, df::::5, p<.0001 
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·1.59 
1.65 
1.25 
.89 
.90' 
.69 
Odds Ratio 
(95% CIl 
5.2(2.1·13.3) 
3.511.6-7.6) 
2.411.0'-5.8) 
2.510'.9·6.5) 
2.0'10'.9·4.2) 
p-value 
<.001 
.0'0'2 
.047 
.070 
.071 
Figure 4 
ROC curves based on the selected sample (estimate) and the cross~over 
sample (crossvalidation) 
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of delirious patients (=.10), the percentage correctly identified, delirious pa-
tients (sensitivity), non-delirious patients (spedficity) and overall dassification 
were 88%, 64% and 70%, respectively. 
The bootstrap resampling procedure showed that two variables, age and albu-
min concentration, were induded in 89% and 74%, respectively, of the ana-
lyses. The variables score on the GHQ the use of nifidipine and the PRE ratio 
met the criterion of being included at least in 30% of the analysis. The diffe-
rence between the ROC curve based on the selected sample (area under curve 
.80, standard Error=.06) and the ROC curve based on the cross-over sample 
(area under curve .72, Standard Error=.06) was not significantly different (fi-
gure 4) meaning that the model seemed to be relatively stable. 
The probability of delirium in relation to the number and kind of predictive 
variables is shown in table 7. The predicted probability of delirium in case of 
none of the risk factors being present was only 1.4%, increasing to almost 
75% if all predictive variables were present. As was to be expected, patients 
With no risk factor proved to have a low rate of delirium (2.5%); patients With 
one risk factor had a rate of 10%, patients with 2 risk factors had a rate of 
27.5% and patients with 3 or more risk factors had a rate of 60%. 
DISCUSSION 
The inddence of postoperative delirium among patients admitted to the tho-
rax centre of the University Hospital Rotterdam for various types of cardiac 
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Table 7 
The probability of delirium in relation to the number and kind of predic-
tive variables (n=290)' 
'ge Albumin PHE ratio Use of GHQ:>7 Predicted non-delirious delirious tot<ll number 
'265 years ~ 40 g/I 2:13.35 nifedipine probability (%) (n=40) of patients 
0 0 0 0 0 1.4 35 36 
0 0 0 0 yes 2.7 38 39 
0 0 0 yes 0 3.2 11 12 
0 yes 0 0 0 4.6 24 0 24 
yes 0 0 0 0 &7 30 2 32 
0 0 0 yes yes 6.2 7 0 7 
0 0 yes 0 yes 6.3 4 0 4 
0 yes 0 0 yes 8.7 10 0 10 
0 yes 0 yes 0 10.5 2 3 
0 yes yes 0 0 10.6 2 0 2 
yes 0 0 0 yes 12.5 18 2 20 
yes 0 0 yes 0 14.9 3 2 5 
yes 0 yes 0 0 15.1 3 0 3 
yes yes 0 0 0 20.1 25 5 30 
0 0 yes yes yes 14.1 0 
0 yes 0 yes yes 18.8 2 1 3 
0 yes yes 0 yes 19,1 1 0 
yes 0 0 yes yes 25.7 6 1 7 
yes 0 yes 0 yes 26.' 3 2 5 
yes 0 yes yes 0 30.1 0 
yes yes 0 0 yes 33.3 12 9 21 
yes yes 0 yes 0 37.9 4 2 6 
yes yes yes 0 0 38.3 3 4 
yes yes 0 yes yes 54.8 4 2 6 
yes yes yes 0 yes 55.2 6 7 
yes yes yes yes yes 74.9 0 
""the number of patients do not add up to 296 because of missing values of albumin. 
surgery was 13.5%. Incidence rates for delirium after cardiac surgery reported 
in the literature (based on 16 adequate prospective studies, see chapter 2) vary 
from 3-47% [1]. In the 4 studies [16-19] finding an inddence rate lower than 
13.5% -e.g. 6%, 12%, 7% and 3% respectively-, the mean age was not as high 
as in our study -54, 54, S9 and 54 versus 63 years respectively-, which may be 
an explanation for the higher incidence of delirium found in our study. 
However, in the 12 studies [4, 20-30] reporting a higher than 13.5% incidence 
(22-47%) the mean age was even lower varying from 39-55 years, age being no 
explanation for our lower incidence rate. These studies were mainly published 
in the earlier years and since only year of publication appeared to be signifi-
cantly related to the incidence of delirium after cardiac surgery, the later pu-
blications show a tendency to a lower incidence, possibly due to improved 
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surgical and cardiopulmonary techniques [1]. This may explain the lower inci-
dence rate found in our study. Moreover, our exclusion of patients presenting 
delirious symptoms only on the first day postoperatively, may have decreased 
the incidence somewhat. 
Because in surgery for valvular repair the heart has to be opened more extensi-
vely with a possibly greater chance of cardiac damage, (micro)embolization 
and brain injury [25], another possible reason for the reported differences in 
incidence rates may be the kind of surgery [1]. Nevertheless, the incidence 
rates in patients undergoing different types of cardiac surgery were not signifi-
cantly different and the kind of surgery did not appear to be a predictor for 
postoperative delirium. 
Advanced age, as in many previous studies, proved to be a strong risk factor 
for delirium [1-3]. Age related changes in the brain, including a less functio-
ning stress regulating system, alterations in neurotransmitter systems and in-
creased vulnerability for, among others, the effects of hypoxia and thiamine 
deficiency (see chapter 3.1), seem to predispose elderly patients to delirium. 
Also, cognitive dysfunction and alcohol abuse are well knovvn for contributing 
to delirium [2,3,31]. Although in this study delirium appeared to be related to 
cognitive dysfunction, defined as a score on the MMSE :::; 23, we did not find 
these variables to be predictive for delirium after cardiac surgery, pOSSibly due 
to the small number of patients showing a low score on the MMSE or repor-
ting alcohol abuse. 
The combination of features that best discriminated between delirious and 
non-delirious patients consisted of, next to age, a plasma level of albumin:::; 40 
gil, a score on the GHQ > 7, a PHE ratio ~ 13.35 and the preoperative use of 
nifedipine. In this way 88% of the patients could be correctly classified as deli-
rious and 64% as non-delirious. Testing the stability of this model, it proved 
to be relatively stable showing that age and plasma concentration of albumin 
were the srongest predictive factors for postoperative delirium. 
There have been many studies surveying the relation of illness variables like 
somatic history, co-morbidity and severity of illness to delirium after cardiac 
surgery [2]. Most studies, using the New York Heart Association functional 
class, did find delirium to be associated with preoperative severity of illness 
[2]. Since we were interested in a more objective measure of severity of illness, 
we focused on the influence of a catabolic state and stress on the occurrence 
of delirium, as reflected in the level of (pre)albumin, the ratio rT 3:T33 and 
cortisol, apart from medical history variables and the scores on the GHQ and 
the DAL. Of all these lillness' variables inclusion as an inpatient, a GHQ score 
> 7, A DAL score> 6, the ratio rT3:T33 and the concentration of albumin were 
associated with postoperative delirium. The level of albumin and the GHQ 
score were independent predictors for delirium, meaning a more catabolic 
state and greater physical impairment respectively for delirious patients COffi-
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pared with non-delirious patients. 
Surprisingly, of all the admission medications nifedipine was the only one 
that proved to be a predictor for delirium. This may be due to its possibly anti-
cholinergic activity, being a known risk factor for postoperative delirium [4-
6,14,151, but may also indicate more serious preoperative illness, since gene-
rally first beta blockers and/or digoxin are prescribed first for treatment of 
angina pectoris. 
Although abnormal laboratory values have often been associated with deli-
rium [31], our finding that delirious patients did not differ from non-delirious 
patients in their mean serum concentrations of sodium, potassium and glu-
cose is not surprising, since the patients studied were not admitted for an 
acute illness, but for an elective procedure for which they were carefully 
screened. In line with Marcantonio et a1. [31, who studied delirium after non-
cardiac surgery, we did not find markedly abnormal levels (defined as sodium 
<130 or >150 mmol/l, potaSSium < 3 or > 6 mmoljl or glucose < 3.3 or >16.7 
mmol/l) to be very prevalent (n=4, n=4 and n=22, respectively) and, even if 
combined into one single variable, not related to the occurrence of delirium 
postoperatively, contrary to their findings. Nevertheless, the level of albumin 
was strongly associated with delirium, as was previously found in non-surgi-
cal, acutely ill delirious patients [32,33]. To our knowledge a reduced level of 
albumin has never been detected as a predictor for delirium in elective surgi-
cal, rather 'healthy' patients without any acute illnes. The reduced albumin 
concentration may reflect cachexia and a 'hidden' poor physical condition, re-
sulting from malnutrition and/or non-nutritional factors such as certain di-
sease states, and may lead to increased vulnerability as was also suggested 
from the scores on the DAL and the GHQ. Furthermore, hypoalbuminemia 
can contribute to the development of delirium as a side effect of certain 
highly albumin-bound drugs [33]. 
Since, consistent with the findings of Mcintosh at a1. [7], there was no diffe-
rence in the mean preoperative levels of plasma cortisol between delirious and 
non-delirious patients, preoperative elevated stress did not seem to parallel the 
more catabolic state and poorer physical condition of delirious patients. 
However, one must keep in mind that a single measurement of cortisol con-
centration is most probably a too crude measure for evaluating physiological 
stress level. 
We were interested in the preoperative aminoacid concentrations and their ra-
tios because from a preliminary study it was suggested that delirium after car-
diac surgery with cardiopulmonary bypass (ePB) may be related to reduced 
plasma tryptophan, due to a catabolic state and altered cerebral serotonin 
metabolism [9]. Moreover, several other neurotransmitter alterations and defi-
ciencies have been hold responsible for the occurrence of (postcardiotomy) 
delirium, notably acetylcholine and noradrenaline. 
Though the aminoacids separately, including TRP, did not discriminate be-
tween delirious and non-delirious patients, a high plasma ratio PHE:LEU+ILE+ 
V AL+ TYR+ TRP was associated with delirium. Thus, our findings do not sup-
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port the hypothesis that a preoperative reduced TRP availability from plasma 
plays a role in the etiology of postcardiotomy delirium, since both TRP and 
the ratio of TRP were not different for delirious and nonwdelirious patients. 
However, the combination of the levels of aminoacids, among which TRP and 
TYR, as included in a high ratio of PHE proved to be a predictor for delirium. 
Because of a particular affinity of the blood~brain barrier for PHE in preference 
of the other aminoacids [34], (relative) elevations of PHE as reflected in this ra~ 
tio may block the uptake of the other neutral aminoacids such as TRP and, to 
a lesser extent TYR, into the brain. Moreover, both for delirious and non-deli-
rious patients most of the preoperative aminoacid concentrations, except LEU, 
ILE, PHE, were already extremely low preoperatively, compared 'With normal 
controls. It is therefore possible that this plasma aminoacid imbalance has im~ 
portant consequences, as the organism may under stressful conditions no lon~ 
ger be able to maintain a, for an adequate neurotransmitter function, balan~ 
ced influx of aminoacids into the brain. One may hypothesize that a 
decreased TRP availability, only in the presence of a (relatively) increased PHE, 
which has a much higher affinity for the bloodbrain barrier, is a possible risk 
factor. 
Since the influx of PHE into the brain does not seem to be compromised, it 
may, as a precursor of (cerebral) TYR, compensate for the endangered cerebral 
NA and DA production. A diminished cerebral influx of TRP, however, may 
cause a decrease in serotoninergic function. This combination of, on the one 
hand, decreased serotoninergic and possibly cholinergic activity and, on the 
other hand, nonnal or increased noradrenergic and dopaminergic activity 
may playa complicated role in the occurrence of postcardiotomy delirium, 
making the patients, especially in the presence of other risk factors, more vul-
nerable for the stress and complications of surgery 'With CPB. 
Concluding, elderly patients due to age related changes in the brain, in parti-
cular in the neurotransmitter and stress regulating system, already more vul-
nerable for stress induced alterations, being in a catabolic, poor physical con-
dition and probably having an elevated anticholinergiC plasma level, may be 
less able to compensate for imbalanced plasma aminoacid concentrations to 
maintain adequate neurotransmitter function in the brain under stressful cir-
cumstances, giving rise to a greater chance of postoperative delirium. Further 
research is needed to study the effect of preoperative interventions like resto-
ration of a catabolic state, vitamin B shortage and aminoacid disturbances on 
the incidence of delirium among these high-risk, elderly patients. 
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Chapter 7 
THE EFFECTS OF CARDIAC SURGERY 
WITH EXTRACORPOREAL BYPASS IN 
RELATION TO THE OCCURRENCE OF 
POSTOPERATIVE DELIRIUM 
R.C. van der Mast, W.W. van den Broek, D. Fekkes, L. Pepplinkhuizen, 
E.P. Krenning and F.H-f. Roest 
INTRODUCTION 
Apart from preoperative factors, vatious intraoperative factors have been asso-
dated with delirium after cardiac surgery Volith extracorporeal drculation e.g. 
cardiopulmonary bypass (CPS). The main variables related to postoperative 
delirium were length of time on CPB, degree and duration of hypotension and 
hypothermia, kind and dosages of administered anaesthesia, the complexity 
of the surgical procedure and the presence of microemboli. However, different 
studies have found conflicting results concerning the contribution of these 
factors to the occurrence of delirium [1,2]. 
Cardiac surgery is a serious threat to the body and especially to the brain, due 
to the unusual physiology imposed by cardiopulmonary bypass (CPS) as was, 
for example, demonstrated from Magnetic Resonance Imaging showing brain 
swelling and reduction in size on the immediate postoperative scan in 6 paw 
tients having undergone coronary bypass surgery [3,4,5]. These cerebral ab-
normalities, supposed to be due to cytotoxic oedema induced by cerebral mi-
croembali, hypoperfusion or haemodilution were not associated with 
neurologic or psychiatric disturbances. However, since only six patients were 
studied, these findings do not tell much about a possible relationship. 
In chapter 3.3 possible pathophysiological mechanisms in the appearance of 
delirium after cardiac surgery with CPB were summarized concluding that de-
lirium may be the result of a state of catabolism reflected in elevated levels of 
glucocorticoids and dopamine and a so-called "sick euthyroid syndrome" 
giving rise to alterations in plasma levels of the aminoadds and a generally 
decreased metabolism through reduced syntheSiS of ATP-, in combination 
with metabolic disturbances and cerebral hypoxia causing an imbalance of ce-
rebral neurotransmission with a relative hyperactivity of the dopaminergic 
(noradrenergic and glutamate ?) system and hypoactivity of the cholinergic 
and serotoninergic system. 
In this study pre-, intra- and postoperative variables were assessed to investi-
gate the role of (reduced) cerebral tryptophan availability, changes in plasma 
concentrations of the other amino adds and a catabolic state on the occur-
rence of delirium in relation to cardiac surgery being a physiological stressful 
event. 
METHODS (see also chapter 4) 
In summary, duration of surgery, length of time on CPB, hypothermia time, 
lowest nasal temperature, minutes of mean systolic blood pressure::; 60 mm 
Hg. (generally considered the value below which cerebral hypoxia occurs) and 
medication during anaesthesia were recorded. On the first day postoperati-
vely, 8.00 a.m., blood samples were drawn for plasma levels of cortisol, albu-
min, prealbumin, thyrOid functions (T3' rT3' TSH) and the aminoacids. From 
30 (of the 40) patients, the day after being diagnosed delirious, once again 
(fasting) blood samples were drawn, 8.00 a.m., for plasma levels of the amino-
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acids, thyroid functions and cortisol (generally, on day 3 or 4 postoperoti-
vely). The molar ratio TRP:albumin, the plasma ratios of TRP, TYR, PHE, the 
ratio TAU:METxSER and the ratio rT3:T3 were calculated (see chapter 4). 
STATISTICAL ANALYSIS 
The Kolmogorov~Smirnov goodness of fit test was executed to test on normal 
distribution of all continuous variables. Independent sample t-tests on all va-
riables apprOximately normally distributed and, otherwise, Mann-Whitney 
tests were used to compare the means and mean ranks, respectively, of deli-
rious and non-delirious patients. X2-tests were done for comparison of propor-
tions. All tests were performed two-sided. To evaluate the differences between 
delirious and non-delirious patients in their response to cardiac surgery, multi-
variate repeated measurement analysis of variance over preoperative and day 1 
postoperative measurements of the plasma concentrations of the aminoacids 
and aminoacid ratios, the thyroid function tests and the ratio rT3:T3' cortisol 
and (pre)albumin were carried out, followed by univariate repeated measure~ 
ment analysis of variance for individual variables. In subsequent analyses age, 
being an important independent risk factor for delirium, was entered as a co-
variate. 
RESULTS 
The surgical features of the delirious and non-delirious patients are shown in 
table 1. No significant differences were found in their intraoperative variables 
nor in the kind and dosage of medications used for anaesthesia. 
Table 1 
Surgical features of delirious (n=40) and non-delirious (n=256) patients 
Non~ Delirious All pts Test-value p-value 
delirious 
Time on CPB in min (median) 105 120 110 2=:-1.59 .11 
Hypothermia in °C (median) 28 28 28 2",-1.51 .13 
Duration of hypothermia (median) 70 75 73 Z"·.30 .76 
Hypotension (mean BP.s 60 Hg) 
No 51{20%) 13{33%) 64{22%) 
Yes 161{63%) 22(55%) 183{62%) X~(2)",3.34 .19 
Unknown 44{17%) 5{13%) 49(17% 
Duration hypotension in min (SO) 35(27) 36(41) t(179)",-.12 .90 
Duration of surgery in min (median)* 240 265 240 2==-1,48 .14 
.. Unknown for 6 and 1 patimts respectively 
Under the influence of cardiac surgery with CPB most of the plasma levels of 
the aminoacids decreased significantly in relation to the already low levels 
preoperatively, for both delirious and non-delirious patients (MANOVA: 
F=lOO.66, df=286, p<.OOl). Only the plasma levels of TRP and PHE increased 
significantly (F=13.40, df=(1,294), p<.OOl; F=137.51, df=(1,294), p<.OOl, reo 
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Figure 1 
Changes in plasma levels of the aminoacids for non-delirious (n=256) 
and delirious (n=401 patients under the influence of cardiac surgery 
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5pectively) over time for all patients (see figure I). 
Multivariate repeated measurement analysis of variance showed a significant 
difference in the plasma aminoacid concentrations between delirious and 
non-delirious patients (F=2.76, df=286, p=.004), mainly caused by TRP 
(F=8.08, df=(1,294), p=.OOS). However, delirious patients did not respond dif-
ferently to cardiac surgery (F=!.67, df=286, p=.096), meaning that the extent 
of change between the pre· and postoperative aminoacid concentrations was 
similar to that seen in non-delirious patients. 
The plasma ratios of TRP, TYR, PHE, and the ratio TAU:METxSER appeared to 
increase significantly over time both for delirious and non-delirious patients 
(F=IS1.33, df=290, p<.OOI, figure 2). However, the increase in the ratio of 
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Figure 2 
Changes in the plasma aminoacid ratios for non-delirious (0=256) and 
delirious (n=40) patients under the influence of cardiac surgery 
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TRP as a response to cardiac surgery was significantly less for the delirious 
group (F=5.72, df(I,294), p=.OI7). Delirium was associated with significantly 
different plasma aminoacid ratios (F=4.S6, df=290, p=.OOI), due to differences 
in the ratios of TRP (F=6.62, df=(1,294), p=.Ol1), PHE (F=S.30, df=(1,294), 
p=.OOS) and TAU:METxSER (F=7.91, df=(1,294), p=.022), but not with a signifi-
cantly different response to cardiac surgery (F=1.67, df=290, p=.14), apart from 
the ratio ofTRP. 
Contrary to increasing total plasma TRP, the amount of free plasma TRP, as re~ 
fleeted in the molar ratio TRP:albumin, decreased over time, though not signi-
ficantly (F=.30, df=(1,286), p=.59), for the delirious patients in contrast with a 
rise of both total and free TRP for the non-delirious group (figure 3). This may 
be due to the significantly lower level of albumin associated with delirium 
and, although both groups also differed significantly in their molar ratios 
TRP:albumin (F=3.92, df=(1,286), p=.049), their response to cardiac surgery 
concerning free TRP was not significantly different (F=3.21, df=(1,286), 
p=.074) 
The levels of albumin, not surprisingly, increased significantly (F=83.77, 
df=(1,286), p<.OOI) for deliriOUS and non-delirious patients, since they all re-
ceived albumin and/or haemaccel during surgery. Although delirium was asso~ 
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ciated with a lower albumin concentration -due"the lower preoperative level-, 
no significant differences in response to cardiac surgery were found suggesting 
that both groups did get about the same amount of albumin during surgery. 
However, the prealbumin levels decreased significantly for both groups over 
time of surgery (F=155.00, df=(1,284), p<.OOl) refiecting the catabolic drcum-
stances of surgery, but not significantly different for delirious and non-deli-
rious patients (figure 3). 
In figure 4 the hormonal changes of delirious and non-delirious patients are 
shown. Over time, for all patients, the T3 and TSH concentrations decreased 
and the rT3 and cortisol levels increased significantly (F=399.68, df=(1,294), 
p<.OOl; F=9.53, df=(1,294), p=.002; F=312.47, df(1,294), p<.OOl; and F=7.12, 
df=(1,294), p=.008, respectively), giving an impression of the stressful nature 
of cardiac surgery. Also, the ratio rT3:T3 increased significantly for all patients 
(p<.OOl), the delirious patients being more catabolic as is shown by a, though 
not significantly, higher ratio rT3:T3 (F=3.72, df=(1,293), p=.055). Never-
theless, they did not respond differently to cardiac surgery (F=1.59, df=(1,293), 
p=.21). 
The covariate analysis showed a Significant effect of age on the aminoacid 
concentrations (F=3.12, df=285, p=.OOl). Although the multivariate tests for 
aminoacids was Significant, mainly due to the influence of age on TRP and 
PHE, univariate analysis indicated that none of the aminoacids individually 
was significantly associated with age. The effect of age on the aminoacid ratios 
Figure 3 
Changes in the plasma levels of albumin and prealbumin, and molar ra-
tio TRP:albumin for delirious (n=40) and non-delirious patients (n=248) 
under the influence of cardiac surgery 
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(F=5.08, df=289, p<.OOl) was mainly caused by the relation of age with the ra-
tio of TRP (F=8.97, df=(1,293), p=.003). In figure 5 the aminoacid concentra-
tions corresponding to age groups are shown. 
Entering age as a covariate in the MANOVA for repeated measurements 
changed the above mentioned results as follows: Delirious and non-delirious 
patients no longer differed in their aminoacid concentrations (F=1.54, df=285, 
p=.13), except in the level of TRP (F=4.89, df=(1,293), p=.028). Nevertheless, 
delirium was still assodated with significantly different aminoacid ratios 
(F=2.49, df=289, p=.032), mainly due to a significant higher ratio of PHE 
(F=5.01, df=(1,293), p=.026). Both groups no longer differed significantly in 
their molar ratio TRP: albumin. 
Although covariate analysis showed a significant relation between age and the 
hormone concentrations (F=5.96, df=290, p<.OOl), espedally T3 (F=23.68, 
df=(1,293), p<.OOl), this finding did not alter the reported results essentially. 
Figure 4 
Changes in T3• rT3, TSH and cortisol concentrations, and the ratio rT3:T3 
for delirious (n=40) and non-delirious patients (n=256) under the influ-
ence of cardiac surgery 
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Figure 5 
Amino acid concentration ()..tmol!1) in relation to age 
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From 30 out of 40 patients who finally became delirious, once again blood 
samples were dravvn after the diagnosis delirium was made (mostly on day 3 
postoperatively). Although the results cannot be compared with the values of 
non-delirious patients, since these are missing, it is a remarkable finding that 
the mean level of TRP, after increasing under the influence of cardiac surgery, 
decreased to almost the preoperative low level (figure 6). 
The levels of all the other amino acids, except TAU that further decreased, in-
creased, often to levels (far) above the preoperative ones. The mean level of 
PHE, the aminoacid -next to TRP- that also increased over time of surgery, 
further increased in delirious patients to a far above normal value (> normal 
value plus 1 SD). The ratios of TRP, TYR, PHE and TAU:SERxMET all decreased 
(figure 7). 
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Figure 6 
Changes in plasma levels of the aminoacids over time for delirious pa-
tients (n=30) 
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In figure 8 it is shown that for delirious patients, after day 1 postoperatively, 
the mean level of T 3' although still being below a normal value, Slightly in-
creased, but the level of rT3 and, consequently, the ratio rT3:T3 further incre-
ased; the mean concentration of TSH increased to the preoperative level and 
the mean concentration of cortisol decreased. 
DISCUSSION 
Contrary to the findings reported in some earlier studies on delirium after car-
diac surgery [6~8], postoperative delirium did not appear to be associated with 
intraoperative or anaesthesia variables. A possible explanation may be the 
shorter time on CPB and consequently shorter duration of hypothermia and 
surgery in this study, similar to that in other studies, finding no relation be-
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Figure 7 
Changes in the plasma amino acid ratios over time for delirious patients 
(n=30) 
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tween intraoperative variables and delirium [9-12]. 
There was also no difference in the number of delirious and non-delirious pa-
tients undergoing periods of hypotension as was found by Sadler et a1. [10]. 
Indeed, the blood pressure required for optimal cerebral perfusion is not 
known and hypoperfusion probably only plays a role in causing postoperative 
complications in already brain damaged patients with impaired cerebral auto-
regulation, leading to pressure dependent cerebral blood flow [5]. Since such 
patients were almost not present in our study sample, it is not surprising that 
hypotenSion was not associated with delirium. 
In a preliminary study [13] it was hypothesized that reduced cerebral TRP avail-
ability from plasma played a role in postcardiotomy delirium due to a catabolic 
state, reducing TRP transport across the bloodwbrain barrier because of two im-
portant mechanisms: 1) the plasma concentration of the amino adds VAL, ILE, 
LEU, TYR and PHE, which compete with TRP for the transport-carrier at the 
blood-brain barrier, is increased due to degradation of muscle proteins; and 2) 
the plasma concentration of TRP is reduced because of induction of TRP pyr-
rolase by cortisol [14,15]. On the other hand it was suggested from animal re-
search that stress decreased the plasma levels of the aminoadds, except of free 
TRP, in favour of the brain levels through altered blood-brain transport kine--
tics caused by stress provoked hormonal changes [16]. 
Contrary to our expectations, the mean plasma concentration of TRP in-
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creased and those of the other neutral aminoadds, except PHE, reduced over 
time, resulting in a rise of the ratios of TRP and PHE, postoperatively. 
The decrease of the plasma levels of almost all aminoacids, except TRP and 
PHE, may be in favour of the brain levels of these aminoadds [16]. The rise in 
the plasma concentrations of TRP and PHE may be the result of the decreased 
conversion of these aminoadds in their metabolites. The converting enzymes 
TRP hydroxylase in the liver and serotoninergic neurons and PHE hydroxylase 
in the liver, pancreas and kidney are in need of both oxygen and tetrahydro-
biopterin, which is synthesized from GTP, for their activity [17]. The existence 
of a low T3 syndrome causes a reduced synthesis of ATP and thus of GTP. The 
resulting decrease in tetrahydrobiopterin synthesis may, together with a dimi-
nished rate of metabolic processes in the liver due to the hypothermia and hy-
poxia, possibly lead to the decreased conversion and increased. plasma levels 
of both TRP and PHE. Moreover, a defident tetrahydrobiopterin supply lea-
ding to diminished conversion of cerebral TRP may directly affect the synthe-
sis of serotonin in the brain. 
Figure 8 
Changes in T 31 rT 31 TSH and cortisol concentrations over time for deli-
rious patients (n=27) 
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Nevertheless, delirium appeared to be especially associated with a lower 
plasma level of TRP (and a lower TRP ratio) and the increase in TRP ratio over 
time proved to be significantly less for delirious patients, supporting the hypo~ 
thesis that a relationship between a reduced cerebral TRP availability from 
plasma and the occurrence of postoperative delirium may exist [13J. 
Furthermore, it is probably of great importance that for all patients the levels 
of the aminoacids TRP, TYR, MET and SER were, already preoperatively, below 
normal values « normal value minus 1 SD) indicating decreased intake and/or 
a catabolic state. Delirious patients, being more catabolic as reflected in a lo-
wer mean concentration of albumin and a higher ratio rT3:T3' may have been 
less able to compensate for the inadequate preoperative TRP levels, since the 
main difference between delirious and non-delirious patients was a lower 
plasma level of TRP (and TRP ratio without age as covariate) and a smaller in-
crease of TRP ratio in response to cardiac surgery. This inadequate compensa-
tion capacity may be due to the coexistence of a higher ratiO of PHE in deli-
rious patients, already found preoperatively, giving rise to an even more 
reduced cerebral availability of TRP, since the particular affinity of the blood-
brain barrier for PHE in preference of the other aminoacids may cause a bloc-
kade of the uptake of the other neutral aminoacids such as TRP and, to a lesser 
extent TYR, into the brain. This may hamper adequate function of, especially 
the serotoninergic, neurotransmitter systems. The normal plasma levels of 
PHE, being a precursor of TYR, may take care of an adequate or, in the pre-
sence of an increased ratio of PHE, (relatively) elevated cerebral dopaminergic 
and noradrenergic function. Also, the finding that in delirious patients after 
the onset of delirium, the concentration of TRP (and the TRP ratio), in con-
trast to the normalized concentrations of all the other aminoacids, declined 
again, and that the concentration of PHE further increased, pOinted in the di-
rection of reduced cerebral availability of TRP -and consequently inadequate 
function of the serotoninergic neurotransmitter system- in delirium [13]. 
The association of delirium with a higher ratio TAU:SERx.MET indicating lower 
plasma levels of the methyl donors SER and MET, may signify an endangered 
production of cerebral acetylcholine due to a lack of these methyl precursors. 
Moreover, this may also lead to increased levels of dopamin and (nor)adrena-
line, since the enzyme cathechol-O-methyl-transferase (COMT) needs S-ade-
nyl-methione (SAM), thus a methyl donor, for degradation of dopamin and 
(nor)adrenaline. 
The increase in albumin concentration for both delirious and non-delirious 
patients is not very surprising since, during surgery, all patients received albu-
min and blood substitute transfusions keeping blood at a constant haemato-
crit value of 20 mmol/l during CPB, but still a significant lower level of albu-
min is associated with delirium, due to the much lower preoperative level. 
Since the rise in albumin concentration was not different for both groups one 
may assume that they received the same amount of albumin during surgery. 
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In line with the findings of Naber et al. [18], studying 23 male patients under-
going cardiac surgery for aortic valve replacement, serum levels of cortisol 
(beta-endorphin and norepinephrin) increased dramatically not only for deli-
rious but for all patients in the immediate postoperative period, demonstra-
ting the stressful nature of this major operation. Also, the circadian rhythm 
with elevated levels of cortisol in the morning appeared not to be apparent be-
fore the fourth day postoperatively for all patients [18]. This is contrary to the 
results on seven patients undergoing elective non-cardiac surgery reported by 
McIntosh et al., who did find a significant relationship between delirium 
(n=3) and both increased levels of cortisol (and beta-endorphin) and a disrup-
ted circadian rhythm [19]. It is of course possible that a more sophisticated 
method of measuring cortisol like post-dexamethasone cortisol levels or repe-
ated measurements for a longer pre- and postoperative period, as was done by 
McIntoSh, would have yielded different results, indeed discriminating deli-
rious and non-delirious patients according to their cortisol and thus stress le-
vel. Since no Significant differences between delirious and non-delirious pa-
tients were found in their cortisol levels, a stronger induction of the enzyme 
TRP pyrrolase in delirious patients cannot be hold responsible for the signifi-
cant lower level of IRP in delirious patients. Furthermore, hypothermia proba-
bly causes enzymatic reactions in the liver to slow down, thus inhibiting the 
conversion of TRP (and PHE) in the liver. 
For both deliriOUS and non-delirious patients a significant decrease of ISH was 
found within one day postoperatively, paralleling the decrease in serum T 3 
concentration, in contrast with the findings of Naber et al. [18] who reported 
unaffected serum levels of ISH, immediate postoperatively, followed by an in-
crease after 2-3 days. This decline in ISH may be the result of the inhibiting 
effect of cortisol on the release of TRH and thus on TSH, preventing stimula-
tion of the thyroid and maintaining a sick euthyroid syndrome. 
After the onset of delirium, the thyrOid functions and the concentration of 
cortisol still reflected the catabolic and stressful state of the delirious patients, 
with a tendency to recovery. Since data of non-delirious patients are missing, 
it remains unclear if, at this pOint, delirious patients are more catabolic and 
stressed compared to non-delirious patients. 
Furthermore, next to changes in neurotransmitter function due to abnormali-
ties in aminoacid concentrations e.g. IRP and PHE, the synthesis of various 
neurotransmitters is altered in relation to age, cerebral hypoxic hypoxia, anae-
mic hypoxia and thiamine defiCiency, conditions also associated with (post-
operative) delirium (see chapter 3.1). In animal research these circumstances 
have been associated with an excess of extracellular cerebral dopamine and 
glutamate, neurotransmitters being implicated in cellular damage and some 
features of delirium. The decline in cerebral cholinergic activity, occurring in 
relation to advanced age, hypoxia and substrate- and thiamine deficiency, may 
also play an important role in the occurrence of delirium, next to possible 
blockade of cholinergic transmission by the use of anticholinergic medications. 
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In conclusion, the findings of this study supported the hypothesis that re-
duced cerebral TRP availability, due to, already preoperatively, low levels of 
TRP combined with a high PHE ratio, plays a role in the occurrence of deli-
rium after cardiac surgery, together with a shortage of the methyl donors SER 
and MET. Consequently, an imbalance of cerebral neuIotransmission constitu-
ting a decreased serotoninergic -probably exacerbated through decreased con-
version of cerebral TRP into serotonin due to diminished tetrahydrobiopterin 
synthesis- and cholinergic neurotransmission function on the one hand and a 
(relatively) increased activity of the dopaminergic (and noradrenergic) system, 
on the other hand, may underlie the occurrence of delirium after cardiac sur-
gery. 
Therefore, preoperative restoration of a catabolic state e.g. albumin level and 
the aminoacid concentrations and optimizing the physical condition of the 
patient undergoing cardiac surgery may decrease the occurrence of postopera~ 
tive delirium. 
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Chapter 8 
CLINICAL COURSE AND OUTCOME OF 
DELIRIUM AFTER CARDIAC SURGERY 
R.C. van der Mast, W. W. van den Broe/(, F.H.J. Roest 
INTRODUCTION 
In general, delirium is considered an indicator of grave prognosis. Indeed, in 
many studies delirium was found to be associated with higher morbidity and 
mortality rates, prolonged hospital stay, increased institutionalization and 
poor functional recovery [1-9J. 
The complication rates found in tvvo studies investigating postoperative deli-
rium among patients undergoing non-cardiac surgery were 54% and 15% for 
delirious patients compared to 15% and 2%, respectively, for non-delirious pa-
tients [4,7J. 
In a number of studies examining (elderly) general medical, non-cardiac surgi-
cal and mixed patient samples, mean length of hospital stay ranged betvveen 
12 and 24 days for patients with delirium compared to 7 and 14 days for non-
delirious controls [2-5,7]. However, the relationship between delirium and du-
ration of hospital stay remains unclear, since the results were not adjusted for 
age nor for severity of illness or complexity of surgical procedure, advanced 
age and serious illness being generally associated with longterm hospital treat-
ment. 
Delirious patients are, compared with patient control groups, more at risk for 
both in-hospital and post-discharge death. Different mortality rates probably 
reflect differing ages and other selection variables like the patients studied, 
acuteness of illness or surgery, severity of illness etc. [2,6,10). In two prospec-
tive studies on delirium among patients admitted to a medical ward because 
of an acute illness, the in-hospital mortality rates were 8% and 65% for pa-
tients with delirium compared to 1% and 13.5%, respectively, for non-deli-
rious unmatched hospital controls [2,3]. In a retrospective study on delirium 
among patients aged 60 years and over, admitted to both medical and surgical 
departments, including cardiac surgery, Levkoff et al. [5] reported a mortality 
of 13% for delirious patients compared to 5% for a non-delirious control 
group, matched according to admitting service. In patients with postoperative 
delirium following elective non-cardiac surgery a mortality of 4% was found 
compared with a 0.3% mortality rate in patients who did not develop delirium 
[7]. Though in the DSM-III-R death is mentioned as one of the sequelae of de-
lirium, the higher mortality rate in delirious patients appeared to depend 
more on the medical condition than on the presence of delirium [2,3,6,7]. To 
our knowledge, until now no studies have examined morbidity and mortality 
rates in association with delirium after cardiac surgery. In this chapter course, 
including onset, severity and duration of, delirium will be described and out-
come measures such as kind and number of complications, length of stay, in-
hospital and six months post-discharge mortality rate and functional recovery 
will be examined. 
METHODS 
In chapter 4 the methods and instruments for assessing course and outcome 
in relation to delirium after cardiac surgery have been described. In summary, 
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the presence and severity of postoperative delirium were assessed using DSM~ 
III-R criteria and the maximum scores on the Delirium Rating Scale (DRS), re-
spectively. The assessment of the cognitive status, which is an item of the 
DRS, was done using the Mini Mental State Examination (MMSE). Based on 
clinical judgement, delirious patients were divided in three groups: 1. mild de-
lirium, 2. moderate to severe delirium and, in case of impossible communica~ 
tion as a consequence of (prolonged) intubation and/or sedation, 3. probable 
delirium (though formally not assessable). The use of haloperidol medication 
was evaluated. Both delirious and non-delirious patients were followed during 
hospitalization to compare postoperative complications, medications, length 
of hospital stay, mortality and living situation after discharge. Six months af~ 
ter discharge all patients were interviewed by telephone to gather information 
about survival, living situation and physical impairment. 
STATISTICAL ANALYSIS 
The Kolmogorov-Smimov goodness of fit test was executed to test on normal 
distribution of all continuous variables. On all variables being approximately 
Table 1 
Outcome for non-delirious (n=256) and delirious (n=40) patients 
Outcome Non~ Delirious All patients 'Test-value p~value 
delirious 
Complications 
none or 1 173(68%) 6(15%) 179(61%) 
2·3 77(30%) 19(48%) 96(32%) X'(2)",79.31 <.001 
4 or more 6(2'%) 15(38%) 21(7%) 
Length of stay* 
median 11 14 11 Z",-3.49 <.001 
mean 13 17 14 
In-hospital deaths O{O%) 4(10%) 4(1.4%) '* 
--
After discharge death 1(0.4%) 3(7.5%) 4(1.4%) OR(95% CI)"" .009 
(within 6 months)*** 21(2-206) 
Total deaths within 6 1(0.4%) 7(17.5%) 812.8%) OR(95% CD", <.001 
months after surgery 54(7-461) 
Discharge to **** 
Home 235(95%) 29(71%) 264(93"10) ~(1)=7.74 .005 
Longterm care 12(5%) 6(19%) 18{6%) OR(95% CD=: .009 
4(1~12) 
The number of days from the day before surgery to the day of discharge; 8 patients 
were discharged early (within 6 days postoperatively) to another hospital for normal 
further postoperative care and 4 in-hospital deaths were excluded. 
** Alf in-hospital deaths were patients with delirium. 
*H Number of patients is 278 because of 4 in-hospital deaths and 14 missing folfow-up 
data. 
H** Number of patients is 282 because of 4 in-hospital deaths, 8 early discharged patients 
and 2 missing values; Longterm care includes rehabilitive facility, nursing home, and 
other hospital or other department of own hospital for extended aftercare due to com~ 
plications. 
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normally distributed independent sample t-tests, otherwise Mann-VVhitney-U 
tests, were used to compare the means and mean ranks, respectively, of deli-
rious and non-delirious patients. X2 and Fisher's exact tests were done for 
comparison of proportions. All tests were performed two-sided. Complication 
rates, lengths of hospital stay, mortality rates, and odds ratios and their confi-
dence intervals were calculated. The Sign test was done to examine functional 
recovery at six months follow-up, as measured by the score on the DAL, com-
pared with the preoperative functional status. Characteristics of delirium and 
patients who died are described. 
RESULTS 
In table 1 the outcome for delirious and non-delirious patients is shown. 
Delirium was associated with significant more complications (p<.OOI), occur-
ring during the entire postoperative period both before and after the onset of 
delirium. 
Delirious patients had a complication rate of 86% (defined as more than 1 
complication, since almost all patients had one complication in most cases be-
ing atrium fibrillation) compared to 32% among patients who did not develop 
delirium (table 1). Both groups differed significantly in the occurrence of sys· 
temic infection, re-operation and atrium fibrillation; non-compliance with 
medical treatment, behavioural problems and psychiatric consultation; and 
decubital ulcers and fall aCcidents, but not in delayed healing of the surgical 
wound and defibrillation and/or resuscitation (table 2). 
Table 2 
Postoperative complications for non-delirious (n=256) and delirious 
(n=40) patients*(n=296) 
Non- Delirious All pts Test-value p-value 
delirious 
Delayed healing of surgical wound 
Decubital ulcers 
Fall accidents 
Non-compliance 
Behavioural problems 
Psychiatric consultation 
Atrium fibrillation 
Systemic infection 
Re-operation 
Defibrillation/resuscitation 
Other complications 
9(4%) 
1(0%} 
4(2%) 
O(O%} 
2(18%) 
5(13%) 
4(10%) 
2(5%) 
4(2%) 10{25%) 
9{4%) 24(85%) 
151(59%) 34(85%) 
24(9%) 14(35%) 
28(11%) 12(30%} 
10(4%} 2(5%) 
67(26%) 21(53%) 
11{4%) Fisher's Exact .65 
6(2%) Fisher's Exact <.001 
8(3%) Fisher's Exact 
2{1%) Fisher's Exact 
14(5%) Fisher's Exact 
33(11%) X~(1)",111.4 
185(63%) X2(1)",,9.99 
38(13%) X'(1i,20.3 
40(14%) X~(1)",10.76 
12(4%) Fisher's Exact 
88(30%) X2(1)",11.48 
.01 
.02 
<.001 
<.001 
.002 
<.001 
.001 
.67 
<.001 
* These complicatIons occurred both before and after the onset of defmum. 
Apart from postoperative state, being a possible etiological factor for delirium 
in all patients who developed postoperative delirium, multiple other factors 
were supposed to be possibly etiologically related to the occurrence of deli-
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Table 3 
Characteristics of delirium (n=40) 
Number of patients (%1 
Day of onset delirium: 
Day 1 19 48% 
Day2 9 23% 
Day3 6 15% 
Day 4 2 5% 
Unknown'" 4 10% 
Duration of delirium: 
1 or 2 days 9 23% 
3-7 days 18 45% 
8 or more days 9 23% 
Unknown'" 4 10% 
Number of etiological factors per patient*'"": 
None 3 8% 
4 10% 
2 14 35% 
3 or 4 13 33% 
5 or 6 6 16% 
Kind of etiological factors ......... : 
Intoxication 9 23% 
Withdrawal 8 20% 
Infection/Fever 15 38% 
Metabolic disorder 29 73% 
Anaemia 6 15% 
Endocrinologic disorder 5 13% 
Respiratory insufficiency 19 48% 
Cardiovascular disorder 17 43% 
Cerebrovascular disorder 3 8% 
Unknown because of ImpossIbility of sufficient assessment 
.. Possible etiological factors other than postoperative state 
More than one etiofogical factor may have been rated 
rium in most patients (82%) (table 3). Metabolic disorders like electrolyte dis-
turbances, uraemia, respiratory insufficiency (often requiring prolonged intu~ 
bation) and cardiovascular disorders, such as decreased cardiac output, were 
among the most frequent supposed etiological factors for delirium. 
Postoperatively, all patients received multiple medications both intravenously 
and orally. Since some medications like propafol, dopamine, midazolam etc. 
were generally given as a drip, it was not possible to calculate the exact do-
sage. Therefore, the medication used was expressed as the mean duration in 
days, during four days postoperatively. During the four days following surgery 
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delirious patients did not get significantly more medications compared to 
non-delirious patients, the mean number of medications being 17 and 16, re-
spectively. In 23% (n=9) of the delirious patients intoxication, mainly with 
opiates, was judged to be (partly) responsible for the OCCUrrence of delirium. It 
appeared that delirium was significantly associated with increased administra-
tion of propofol (p<.OI), dobutamine (p=.03), dopamine (p<.OI), midazolam 
(p<.OI), morphine (p<.OI), ranitidine (p<.OI), and haloperidol (p<.OI); and de-
creased use of fIurazepam (p=.02), temazepam (p<.Ol), triamtereen (p<.OI), na-
proxen (p<.OI), paracetamol (p<.OI) and acenocoumarol (p<.OI). No signifi-
cant differences between both groups were found in the use of nifedipine, 
corticosteroids, digoxine, furosemide, verapamil, nip ride and theophylline to 
name the most important, with an anticholinergic effect associated, drugs 
[11]. 
Delirium was associated with a significant longer median length of stay, being 
14 days for patients who developed delirium compared to 11 days for patients 
who did not (table 1). Patients who died during admission and patients who 
were discharged early within 6 days postoperatively to another hospital (for 
the normal postoperative after-care) were initially excluded because of the in-
troduction of a bias. Including the early discharged patients, however, did not 
change the median length of stay for the non-delirious patients; and taking 
the patients who died into account increased the median length of stay for de-
lirious patients with one day only, since both the mean and median length of 
stay for deaths was 69 days. 
All four in-hospital deaths were patients with delirium. The mortality rate for 
delirious patients was significantly higher being 10% during admission and 
7.5% after discharge compared with 0% and 0.4%, respectively, for non-deli-
rious patients. The Odds Ratio for dying within 6 months of surgery, having 
gone through delirium, appeared to be high (OR=54, 95% CI=7-461). 
Delirium also proved to be significantly related to discharge to a longterm care 
facility such as rehabilitative setting, nursing home, and other hospital or 
other department of own hospital for extended aftercare due to complications 
(table 1). 
In table 3, next to the possible etiological factors for delirium described before, 
the main characteristics of delirium are presented. For most patients (48%), 
Table 4 
Characteristics of delirium: Treatment with haloperidol (n=25) 
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Treatment with haloperidol 
Day of onset (median) 
Duration in days (median) 
Maximum dosage in mg/day (SDl (mean) 
Range 
1·11 
1-13 
2-25 
Median/mean 
3 
5 
9.616.81 
delirium started already on the first day postoperatively and never later than 
the fourth postoperative day. For four patients the day of onset and duration 
of delirium was unknown, since they were not formally assessable due to pro~ 
longed intubation or sedation (often because of agitation). They were judged 
to be delirious because they required physical restraint and sedation (prepofol 
or midazolam) and/or haloperidol for treating supposed delirious symptoms 
like inappropriate behaviour (such as removing intravenous lines or other vi-
tal equipment), probable signs of hallucinations and/or suspicion, agitation 
with inverse day~night rhythm and severe cognitive deficits e.g. inability 
and/or unwillingness to co-operate. The median onset of delirium was on the 
first day postoperatively and the mean duration was five days with a range of 
1-13 days (table 3). 
Twenty~five (63%) of the delirious patients were treated with haloperidol for a 
median period of 5 days. The median onset of antipsychotic treatment was on 
Figure 1 
Frequency of maximum score on the Delirium Rating Scale for non-deli-
rious (n=256) and delirious (n=37) patients 
60 
50 
40 
10 
[:=:J Non-delirious (n=256) 
_ Delirious (n=37) 
Maximum Delirium Rating Scale Score 
131 
day 3 postoperatively and the mean maximum dosage ranged from 2-25 
mg/day (table 4). 
The frequency of the maximum scores on the DRS for delirious and non-deli-
rious patients are shovvn in figure 1. The maximum score on the DRS, being 
an indication of severity of delirium, was significantly correlated with the 
maximum dosage of haloperidol the delirious patients received for treatment 
(r=.45, p=.027). Delirium, clinically judged to be mild (n=6), corresponded -
not surprisingly since the scoring on the DRS is in fact also based on unstruc~ 
tured clinical assessments- to a lower maximum score on the DRS (mean 
maximum score=12, ranging from 7-16) than delirium judged to be of mode-
rate or grave severity (n=25, mean maximum score=21.S, ranging from 14-29). 
Since clinical judgement added not much information, the maximum score 
on the DRS was used as a measure of severity of delirium. B 
In table 5 and table 6 the characteristics and profiles of the patients who died 
vvithin a period of six months postoperatively are summarized. The mean age 
of the seven delirious patients who died did not differ significantly from that 
Table 5 
Characteristics of deaths (n=8) 
Gender and mean age (SO) of all patients 
Delirious 
Non-delirious 
Kind of surgery* 
Presence of predictors 
Age 2: 65 years 
Albumin.s. 40 gil 
Use of nifedipine 
PHE-ratio 2: 13.35 
GHQ score> 7 
Mean (range) maximum haloperidol 
medication (mg/day); n:::4 
Maximum DRS score, mean (range) .... 
Length of stay, mean (range) 
Number of complications, mean (range) 
Major complications 
Causes of death 
3 women and 5 men, 71.4(6.8) years 
3 women and 4 men, 72.7(6.1) years 
male, 62 years 
5 CABG, 1 VR, 1 CABG+VR, 
1 CABG+aneurysm LV 
for 6 patients 
for 5 patients 
for 2 patients 
for 2 patients 
for 3 patients 
7(5-10) 
17(1-25); 1 for non-delirious patient 
39(9-120); 11 for non-delirious patient 
3(0-5); 0 for non-delirious patient 
4 infections and 2 re-operations 
Stroke; cardiac arrest; cardiac failure 
(n=4); unknown for patient without delirium 
CABG_Coronary Artery Bypass Graft; VR_Valve Replacement; LV __ Left Ventricle, 
n",,6, since two patients were not assessable, 
of the delirious patients who survived this period. The one patient vvithout de-
lirium who died, was only 62 years old, did not have any predictors for deli-
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Table 6 
Clinical profiles of patients who died within 6 months postoperatively 
(n=8) 
patient number 2 3 4 5 6 7 
Delirium yes yes yes yes yes yes yes 
Gender <J ~ ~ <J <J <J ~ 
Age(years) 73 73 78 70 70 63 82 
8 
no 
<J 
62 
Kind of surgery CABG CABG+LV CABG+VR CABG VR CABG CABG CABG 
aneurysm 
Presence of predictors 
-Age C! 65 yrs yes yes yes yes yes no yes no 
-Albumin"'; 40 g/I yes yes yes no yes no yes no 
-PHE ratio 2': 13.35 no no yes no yes no no no 
-GHQ > 7 no yes yes no yes no no no 
-Use of nifedipine yes no no yes no no no no 
Number of complications 3 2 5 5 4 5 3 0 
Maximum dosage 0 0 7.5 5 5 0 10 0 
haloperidol (mg/day) 
Maximum DRS score 21 9 22 15 ? 21 
Length of stay 17 9 17 89 120 48 21 11 
riurn, experienced no complications postoperatively and had a normal length 
of hospital stay. 
Delirium did not prove to be assodated with less functional recovery, as mea-
sured on the DAL, at six months follow-up and also no significant difference 
was found in living situation at that time. Both delirious and non-delirious pa-
tients improved significantly (p<.OOOl for both groups) in their functional sta-
tus, as measured by their scores on the DAL at six months follow-up, indica-
ting a better physical health with less limitations in daily activities than before 
surgery. 
DISCUSSION 
Consistent with previous studies among non-cardiac surgical patients [4,5,7-
9], delirium was found to be strongly associated with the number and kind of 
postoperative complications, length of hospital stay and mortality rate. Since, 
to our knowledge, no data on course and outcome of delirium after cardiac 
surgery have been published to date, comparison with similar patients was not 
possible. Moreover, because in the different studies several definitions of 'a 
complication' are used, comparing the reported results with the findings of 
this study constitutes a problem. For example, in the study of Marcantonio et 
al. [7] only major complications such as cardiac arrest, renal failure requiring 
dialysis and stroke were rated, while in this study also other clinically relevant 
complications like behavioural problems and decubital ulcers were included, 
resulting in a complication rate of 86% in delirious patients compared with 
32% in non-delirious patients. 
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Most of the complications occurring at about the same time as the onset of 
delirium were also rated as a possible etiological factor for delirium and 
headed under 'other complications' in comparing delirious and nonwdelirious 
patients. These were, next to atrium fibrillation and systemic infection, 
strongly related to the occurrence of delirium indicating that patients at risk 
for delirium were more seriously ill. On the other hand, the psychiatric and 
management problems and the decubital ulcers and fall accidents associated 
vvith delirium were rather the result than the cause of delirium, even more 
complicating recovery and prolonging length of stay. 
The postoperative physical disorders judged to be etiologically related to the 
appearance of delirium corresponded to the etiological factors mentioned in 
the literature [1,2,5,10]. It remained, however, unclear what part the different 
disorders had in causing delirium. Fortywnine percent of the delirious patients 
had three or more possible etiological factors for delirium, especially metabo-
lic disorders, respiratory insuffidency and cardiovascular disorders, once more 
underlining the multifactorial etiology of this syndrome. Although to date, 
most studies on delirium after cardiac surgery did not examine extensively all 
possible contributing etiological factors, especially not the postoperative ones, 
a relationship between delirium and the follovving postoperative disorders was 
reported: Dehydration, hyponatraemia and tracheostoma (meaning prolonged 
intubation) [12]; severity of postoperative illness and/or prolonged stay in the 
recovery room [13-15]; greater exposure to postoperative psychoactive and anw 
ticholinergic drugs [16,17]; and decreased cardiac output postoperatively [18]. 
Also, sleep deprivation is indicated as a possible provocative circumstance 
[12,15], but the distinction from sleep disturbance as a prodromal symptom of 
delirium is difficult to make. 
Delirium was associated vvith both an increase and a decrease in the administw 
ration of a number of postoperative drugs, the kind of drugs used reflecting 
the severity of illness and the need for sedation, for instance in case of pro-
longed intubation. The increased use of morphine paralleled the decreased use 
of peripheral acting pain medication in delirious patients. The administration 
of propofol and midazolam, associated vvith delirium, may just have been to 
sedate patients already delirious. Also, treatment vvith the inotropics dopa-
mine and dobutamine, related to delirium, is a sign of being haemodynamic 
less stable and thus more severely ill. To be able to estimate the, generally con-
sidered harmful, effects of anticholinergic drugs and benzodiazepines on cogw 
nitive functions, quantitative measurement of their plasma levels would have 
been necessary [8,11,16,17]. The only conclusion based on our findings may 
be that patients using medication found to be associated with delirium are 
probably receiving these because they are seriously ill, delirium being more as-
sociated vvith severity of illness than vvith the medications patients got. 
The median length of stay for delirious patients was three '(or four if deaths 
were included) days longer. The excess mean length of stay in the studies on 
delirium among non-cardiac surgical patients was reported to be 2, 10, and 8 
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days, respectively [4,5,7J. However, deaths were not excluded in these studies 
and, although length of stay, most probably, will not have been normally dis-
tributed, means and not medians were given. Moreover, other types of surgery 
were examined, the length of postoperative hospital stay also reflecting the 
complexity of the surgical procedure and the differences in necessary after-
care. 
Delirium seems to be one of the best predictors for mortality both for in-hos-
pital and post-discharge death, being 10% and almost 8%, respectively, for de-
lirious patients, while none of the non-delirious patients died during admis-
sion and only one within 6 months postoperatively. Marcantonio et a1. [7J 
reported a somewhat lower in-hospital mortality rate of 4% for non-cardiac 
surgical delirious patients compared with 0.3% for patients who did not devel-
op delirium. 
In delirium, death can be either the consequence of more severe physical ill-
ness, the tendency of delirium being proportional to the severity of illness, or 
the presence of delirium worsens the outcome independently of any physical 
cause of mortality, for instance by making management of the delirious pa-
tients and their physical illness more difficult [10]. Furthermore, it may also 
be possible that (agitated) delirium, by inducing an even more catabolic and 
stressful state with increased levels of stress-related hormones, further weakens 
the physical condition of the patient. In this study, the number of deaths was 
too small to draw any conclusions about a possible relationship between deli-
rium and severity of illness on the one hand and death on the other hand. Six 
of the seven delirious patients, who died within 6 months were older than 65 
years and five of them had a low level of albumin, both strong preoperative 
risk factors for postoperative delirium. This is in contrast with the only non-
delirious patient who did not survive the follow-up period, being 62 years old 
and having no preoperative risk factors. Having survived the first 6 months 
follOwing cardiac surgery, delirious and non-delirious patients showed a better 
functional status than before surgery and did not differ anymore in the pre-
sence of limitations in daily activities nor in their living situation, reflecting a 
better, comparable physical health for both groups at this pOint. 
In many studies, espedally of the group of Kornfeld [13,14,17,19], a diagnosis 
of postcardiotomy delirium was only made in case of a lucid interval of at 
least two days before the occurrence of delirium. However, similar to the re-
sults of Sadler [20], in this study in most patients no lucid interval was detec-
ted, delirium often starting on the first day postoperatively. The maximum 
scores on the DRS of the delirious patients slightly overlapped those of the 
non-delirious control patients, contrary to the findings of Trzepacz et a1. [2n 
who did not find any overlap between delirious and normal, medically ill pa-
tients. Also, the ranges of the DRS scores were greater for both delirious and 
non-delirious patients than those reported by Trzepacz et a1. [21]. A possible 
explanation may be our different, postoperative, patient sample and the fact 
that some patients were rated on the DRS, while already recovering from deli-
rium, previously not being assessable due to intubation and/or sedation and 
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reduced consciousness. However, a reliable and valid case-finding instrument, 
also suitable for assessing patients who are not able to communicate (verbally) 
was missing at the time the study began. Since then, the Delirium Symptom 
Interview (DSI) is being developed considering, among others, the problem of 
assessment of non-communicative patients by adding an observational com-
ponent to the instrument [22]. As the observational part of the DSI includes 
more or less the same signs as used in our study to diagnose uncommunicaw 
tive patients, it is reasonable to assume that most delirious patients will have 
been detected, although not all correctly rated. 
In conclusion, delirium after cardiac surgery is a multifactorial disorder, in 
which vulnerability factors like, for instance, advanced age and catabolic state 
(described in chapter 6), the extent of physiological stress win this case cardiac 
surgery with CPB- patients are going through (see chapter 7) and (additional) 
intra- and postoperative physical disorders contribute to the occurrence of dew 
lirium. Delirium proved to be most strongly associated with severity of illness 
both pre- and postoperatively. Next to the serious illness, delirium itself possi-
bly contributed to interference with uncomplicated recovery, thereby prolon-
ging length of stay and increasing the risk of dying. Conscientious intra- and 
postoperative care and concern aimed at preventing major and minor compli-
cations may, in combination with an optimized preoperative physical condi-
tion of the patient undergoing cardiac surgery, decrease the occurrence of 
postoperative delirium and further improve clinical outcome after cardiac surw 
gery. 
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Chapter 9 
CONCLUDING REMARKS 
Afterwards it is always easy to decide what should have been done, as was also 
the case in this study. Many problems and shortcomings only became clear 
during or even after the study. A very important issue appeared to be, not 
surprisingly, the DSM·III-R criteria used for diagnosing delirium. Although 
these are widely accepted, the fact that we did not operationalize them in a 
precise and strict way certainly diminlshed the generalizability of the results 
found in this study. Furthermore, it was a tremendous and expensive work to 
have all the patients being assessed by only two research psychiatrists, some-
times being assisted by a psychiatric resident. Structuring and standardizing 
the criteria used probably would have created the possibility for having the 
patients being evaluated by trained non-clinidan interviewers, thereby in-
creasing the reliability of the findings and decreasing the costs. Moreover, re-
liable replication of this study by other researchers would have been easier. 
Although the use of the Symptom Rating Scale for Delirium (DRS) was to be 
preferred to other ways of detecting delirium, such as a clinical interview, cog-
nitive screening instruments and psychomotor tests, one of the main draw-
backs of this instrument was the reliance on unstructured clinical impressions 
for scoring of the different items. Again, this posed a problem regarding relia-
bility and generalizability. Moreover, although there were only a few raters in 
this study, whose results of scoring of the DRS were regularly compared with 
each other and evaluated by the author of this thesis, the interrater reliability 
was not systematically ascertained. 
Another problem, not thought of beforehand, proved to be the fact that 
many, espedally seriously ill, patients being thus more susceptible for deli-
rium were not able to communicate at the time the occurrence of delirium 
was seriously suspected. In those cases it was very difficult to decide on the 
onset, duration, phenomenology and severity of delirium. 
Based on these experiences, we can very much agree with the guidelines for-
mulated by Levkoff et al. [1]. According to them, a research instrument for the 
detection of delirium must 1) provide explicit operational definitions of the 
criteria used, 2) document individual symptoms of delirium and not only pro-
vide an overall diagnosis making it, for example, possible to relate clinical sub-
types of delirium and certain etiologies, 3) contain criteria concerning onset 
and fluctuation, 4) be structured and standardized, 5) be short and easy to ad-
minister to seriously ill patients, and 6) include an observational part for asses-
sing too sick, handicapped or non-communicative patients [1]. In future re-
search on delirium it is advisable to take all this into consideration and, 
perhaps, to add serial pre- and postoperative EEG registration, a sensitive 
though not specific detection method, as one of the diagnostic tools [2]. 
It may be evident that in an optimal research, the drcumstances and actions 
are standardized as much as possible. However, clinical reality is reqUiring 
continuous adaptations, especially in the case of many different departments 
working together. Although the groups of delirious and non-delirious patients 
statistically did not differ regarding various important aspects of medical his-
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tory, anaesthesia, surgery and postoperative situation, they often had been 
treated differently. Therefore, in future research, much attention has to be 
paid to maximum standardization of the pre-, intra- and postoperative cir-
cumstances. 
Of the five predictors found, age and the plasma level of albumin proved to be 
strongly predictive for the occurrence of delirium after cardiac surgery, indica-
ting that elderly patients in a preoperatively catabolic state are more suscep-
tible. A relationship between a low level of albumin and delirium had been es-
tablished before in critically ill patients, but not in preoperative, rather 
'healthy' patients. Also, the preoperative plasma aminoacid concentrations, 
generally, were low for both delirious and non-delirious patients showing a 
tendency to become even lower over time of surgery, apart from TRP and PHE. 
It is for the first time that the results from clinical research are supposing pre-
operative preventive measures. Restoration of a catabolic state e.g. the albu-
min level and suppletion with balanced aminoadd mixtures before operation, 
next to otherwise optimizing the physical condition of the patients under-
going cardiac surgery, may decrease the occurrence of postoperative delirium. 
Further controlled, clinical intervention studies are needed in order to confirm 
this hypothesis. 
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SUMMARY 
Cardiac surgery has traditionally been associated with a particularly high rate 
of postoperative delirium. The reported incidence ranges from 2~S7%, depen~ 
ding on the research design, the selection of patients, the type of cardiac sur-
gery, the assessments methods and the criteria and definition of delirium. The 
current inddence of delirium after cardiac surgery is unknown and findings 
on predictive factors are inconsistent. Studies on the pathophysiology of deli-
rium after surgery with cardiopulmonary bypass are largely lacking. 
The clinical research presented in this thesis tries to elucidate the role of re-
duced cerebral tryptophan availability and of changes in plasma concentra-
tions of the other large neutral aminoacids in the occurrence of delirium after 
cardiac surgery, in relation to the effects and degree of catabolism. Further-
more, the current incidence and predictive factors associated vvith delirium afw 
ter cardiac surgery are examined. The clinical course and outcome of delirium 
are described. 
Chapter 1.1 starts vvith a summary of the historical development of the con w 
cept of this disorder. It is remarkable that, despite the confusing variety of 
terms applied over the centuries to the same set of symptoms, the clinical de-
Scription of delirium has been rather accurate and consistent. Originally, in 
the time of Hippocrates, phrenitis and lethargus, both associated vvith fever 
and characterized by cognitive, sleep and behavioural disturbances, were the 
terms used for the syndrome delirium. In fact, phrenitis represented the va-
riant of delirium currently called the hyperalert-hyperactive type and lethar-
gus the variant nowadays called the hypoalert-hypoactive type. Only in the 
late eighteenth century the term delirium came into use. By that time, it was 
recognized that delirium could occur both in a vvide range of systemiC diseases 
and as a postoperative complication. Bonhoeffer, in the beginning of the 
tvventieth century, introduced lithe exogenous reaction types", including deli w 
rium, as nonspecific acute mental disorders caused by disorders in the body 
outside the brain. Next, it became clear that also cerebral disorders as well as 
intoxication by drugs and poisons could give rise to the exogenous reaction 
types, thus delirium. Engel and Romano in the 1940's, who attempted to corw 
relate clinical, psycholOgical and encephalographic (EEG) data in patients 
vvith delirium, were the first researchers in the field of pathophysiology of de-
lirium. They supposed that cerebral insufficiency due to decreased cerebral 
metabolism was the pathophysiological basis for delirium. Since then, follo-
vving studies on (experimental) anticholinergic delirium, the role of a dis-
turbed balance of cerebral neurotransmitters has been the focus of (research) 
attention. 
In the second part of chapter 1 the diagnOSiS and symptomatology of delirium 
are described. Delirium is defined as a transient organiC mental syndrome of 
acute onset, characterized by a global impairment of cognitive functions, a re-
duced level of consciousness, attentional abnormalities, increased or decreased 
psychomotor activity, and a disordered sleep-wake cycle. With the publication 
of the DSM-III in 1980, followed by the DSM-III-R in 1987, a standard descrip-
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tion and explicit criteria for a diagnosis of delirium were provided. 
Comparison of the DSM·III·R criteria with the ICD·I0 criteria, published in 
1992, showed that the latter are more precise and strict. Therefore, they seem 
more specific, but less sensitive, and better to operationalize. In this chapter, 
the prodromal symptoms and clinical features of delirium are described in de~ 
tail. The existence of different subtypes of delirium and the relation of pheno~ 
menology to etiology are discussed. Delirium is described to be associated with 
a higher mortality and morbidity rate, longer hospitalization and institutiona-
lization. 
Chapter 2 presents the results of a critical review of the literature on incidence 
of and possible risk factors for delirium after cardiac surgery. From the studies 
found, including a meta-analysis on the results of 44 studies by Smith and 
Dimsdale, the following problems became clear: First of all, delirium often was 
inadequately defined. Second, there appeared to be confusion about the time 
of onset of postcardiotomy delirium, some researchers requiring a lucid inter-
val of 2-5 days, postoperatively, for a diagnosis of postcardiotomy delirium. 
Third, in some studies postoperative deaths were (partly) excluded. Fourth, 
the different selection of patients and the shift in type of cardiac surgery over 
time resulted in different patient samples vvith respect to, among others, gen-
der- and age distribution, severity of illness, comorbidity and surgical proce-
dures. Fifth, the sample sizes and, thus, the power of the surveyed studies were 
very different. Selecting only those studies in which delirium was adequately 
defined and more or less comparable to current criteria, yielded a total of 16 
prospective and 3 retrospective studies. The incidences appeared to vary consi-
derably, ranging from 3-47%, and the small overlap of the confidence intervals 
indicated the heterogeneity of the studies. This heterogeneity could not be ex-
plained by type of surgery, mean age or gender distribution. However, a signifi-
cant relationship was found between year of publication and incidence of post-
cardiotomy delirium, the later publications showing a tendency towards a 
lower incidence. Since the assumption of homogeneity, necessary for meta-
analysis, was not met, comparison of the results with respect to the effects of 
the possible risk factors age, gender and time on cardiopulmonary bypass, al· 
though reported frequently enough, was not possible. 
In chapter 3 the literature on the possible pathophysiological mechanisms in 
the occurrence of delirium is reviewed. Hypotheses about the pathophysiology 
of delirium appeared to be speculative and largely based on animal research. 
Abnormalities of a number of neurotransmitters may be involved in different 
aspects (like arousal, alertness, attention and memory), clinical presentations 
(like hyper~ or hypoalert, hyper- or hypoactive, with or without psychotic 
phenomena) and specific disorder-related forms of delirium (like anticholiner~ 
gic delirium, hepatic encephalopathy, alcohol· and benzodiazepine withdraw· 
al delirium and postoperative delirium). Deficits in the cholinergic system 
may underlie (some of the symptoms of) delirium. However, changes in the 
other neurotransmitters very probably also play an important role. An excess 
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of glutamate and dopamine is being held responsible for cellular damage and 
the psychotic features of delirium. And both an excess and a deficit of cerebral 
serotoninergic function have been associated with hepatic encephalopathy 
and postoperative delirium, respectively. Furthermore, overactivity of the nor-
adrenergic system, possibly due to elevated levels of cerebral noradrenaline 
and supersensitivity of the alpha-adrenergic receptors may be related to speci-
fic forms of delirium, for example (alcohol) withdrawal delirium. 
Moreover, all these neurotransmitter (=first messengers) alterations probably 
have an additive effect on dysfunction of the intracellular signal transducing 
system, i.e. the second and third messengers, by this influencing again neuro-
transmitter synthesis and release. Also, age-related changes in the brain may 
underlie the increased sensitivity of older patients to the development of deli-
rium. 
Then, in chapter 3.2 and 3.3, the relationship between cardiopulmonary by-
pass (CPB), a catabolic state and delirium on the one hand and abnormalities 
of thyroid function tests on the other hand is discussed. Physiological stressful 
events such as non-thyroidal diseases and catabolic conditions like systemic 
illness, starvation and acddental or surgical trauma predictably lead to altera-
tions in the metabolism of the thyroid, giving rise to abnormal thyroid func-
tion tests. The so-called, resulting, low T 3 syndrome is generally viewed as a 
useful adjustment to illness in order to minimize the catabolic state and con-
serve energy. It is characterized by a decrease in the serum T 3 concentration, 
an increase in the rT 3 concentration, a normal or possibly lowered TSH con~ 
centration and a normal, increased or decreased T 4 concentration, depending 
on the severity of the stressful condition. As a consequence of cardiac surgery 
with CPB and hypothermia, concentrations of thyroid hormones also ap-
peared to be changed. T3 showed a striking decrease beginning with the in-
duction of anaesthesia, decreased further during CPB and was normalized 1 
week after surgery. The rT 3 first decreased during anaesthesia and CPB, only to 
start increasing shortly after surgery. One week after surgery the rT3 had re-
turned to normal values. Subsequently, the ratio rT 3:T 3 is expected to increase 
postoperatively. This may be considered as a measure for the extent of physio-
logical stress, probably being prognostic in the outcome. It is important to 
stress that a low T3 level may cause 1) a diminished transport of aminoacids 
and carbohydrates, possibly giving rise to substrate deficiency, thus inhibiting 
the synthesis of the directly substrate dependent neurotransmitters, especially 
acetylcholine and serotonin, and 2) a generally decreased metabolism through 
reduced synthesis of ATP. In this way, cerebral neurotransmission may also be 
influenced. 
In chapter 3.4 the results of a preliminary study on the role of reduced plasma 
TRP in the occurrence of delirium are presented. Since TRP is the precursor of 
cerebral serotonin, a neurotransmitter involved in functions such as aggressive 
and impulsive behaviour, mood, motor activity and sleep that are disturbed 
during delirium, the amount of functional serotonin in the central nervous 
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system is dependent on -among other factors- its transport across the blood-
brain barrier. It was hypothesized that a postoperative, thus catabolic, state 
may reduce TRP transport because of ruo important mechanisms: 1) the 
plasma concentration of the amino acids valine, isoleucine, leucine, tyrosine 
and phenylalanine, which compete with tryptophan for the transport-carrier 
at the blood-brain barrier, is increased due to degradation of muscle proteins; 
and 2) the plasma concentration of tryptophan is reduced because of induc-
tion of tryptophan pyrrolase. The results of this study showed a significantly 
lower mean plasma TRP concentration and plasma TRP ratio of the 7 delirious 
patients compared with postoperative and healthy controls suggesting a role 
for reduced TRP availability from plasma in postcardiotomy delirium. 
Chapter 4 contains the description of the aims and methods of this study, 
that was conducted in the Thoraxcentre of the University Hospital Dijkzigt, 
which is a large (approximately 1000 beds), inner-city teaching hospital in 
Rotterdam, the Netherlands. The study took place from may 1991 through no-
vember 1992. During this period 331 patients undergoing various types of 
elective cardiac surgery were prospectively studied. Pre- and postoperative as-
sessment including psychiatric and psychometric evaluation and laboratory 
investigations, the management of anaesthesia and cardiopulmonary bypass, 
and the research instruments are described and accounted for. 
In chapter S the Symptom Rating Scale for Delirium (DRS) is evaluated. A 
diagnosis of delirium was based on mental status examination using the DSM-
III-R criteria. The DRS was administered for measurement of (severity of) indi-
vidual symptoms. The small overlap in the DRS scores of delirious and non-
delirious patients indicated high discriminant validity. Furthermore, it was 
found that most delirious patients had no apparent delusions or hallucina-
tions, that (almost) all showed psychomotor behaviour and sleep disturbances 
and that most of them had lability of mood and variability of delirious symp-
toms. The highest correlation found, existed between psychomotor behaviour 
and perceptual disturbances, which, in turn, correlated well with hallucina-
tion type and temporal onset of symptoms. The two dimensions and four 
clusters found both reflected, in our view, different degrees of severity of deli-
rium, the patients with mainly psychotic features as demonstrated by factor 1 
and cluster 3 (followed by cluster 2 and 1), showing more severe delirium and 
a higher DRS max. score than the patients with mainly cognitive and emo-
tional disturbances as indicated by factor 2 and cluster 4. The supposed hierar-
chical character of the DRS was confirmed by Mokken Scale Analysis. 
Chapter 6 presents the incidence and predictive factors found in this study. 
The incidence of delirium after cardiac surgery was 13.5% for the total study 
sample, 0% for the patients under the age of 60 years and 20% for patients of 
60 years and older. Univariate analysis of the possible predictive factors 
showed that delirious patients were significantly older. Delirium was more 
common among patients included in the study as an inpatient, reflecting 
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severity of illness, and associated with poor physical functioning. Also, pa-
tients with cognitive dysfunction (MMSE SCOre < 24) had higher rates of deli-
rium. Furthermore, both the phenylalanine (PHE) ratio, the mean serum con-
centration of rT 3 and the ratio rT 3:T 3 discriminated delirious from 
non-delirious patients. Delirium was also related to a lower mean albumin 
concentration and a decreased vitamin Bl level. Nifedipine, a calcium re-up-
take inhibitor for treatment of angina pectoris that has been associated with 
anticholinergic effects in vitro, was the only medication used preoperatively 
that was associated with delirium. The combination of predictors that resulted 
in the best discrimination between delirious and non-delirious patients consis-
ted of age, the plasma level of albumin, the score on the General Health 
Questionnaire (GHQ), the value of the PHE ratio and the use of nifedipine, age 
and albumin concentration being the strongest predictive factors. These fin-
dings, apparently, did not support our hypothesis that a preoperative reduced 
TRP availability from plasma plays a role in the etiology of postcardiotomy de-
lirium, since both TRP and TRP ratio were not different for delirious and non-
delirious patients. However, the combination of the levels of aminoacids as in-
cluded in the high PHE ratio (PHE:V AL+LEV+ILE+ TYR+ TRP) proved to be a 
predictor for delirium. Relative elevations of PHE as reflected in this ratio may 
block the uptake of TRP into the brain, all the more because of a particular af-
finity of the blood-brain barrier for PHE in preference of the other aminoacids 
and a low plasma TRP. It was concluded that a decreased TRP availability from 
plasma is a possible risk factor for delirium in the presence of a (relatively) in-
creased PHE. Most probably, imbalances of the other aminoacids and cerebral 
neurotransmitters also play an important role in this cerebral derangement. 
In chapter 7 the effects of cardiac surgery on cerebral TRP availability, plasma 
concentrations of the other neutral aminoacids, thyroid function tests and 
cortisol in relation to the occurrence of delirium are presented. Delirium was 
not explained by differences in intraoperative and anaesthesia variables. Con-
trary to our expectations, the mean plasma concentration of TRP increased 
and those of the other neutral aminoacids, except PHE, reduced over time, re-
sulting in a rise of the ratios of TRP and PHE, postoperatively. This rise in the 
plasma concentrations of TRP and PHE may be due to decreased conversion of 
these aminoacids in their metabolites as a consequence of declined tetrahy-
drobiopterin synthesis and a diminished metabolic rate in the liver under hy-
pothermia. Nevertheless, delirium appeared to be especially associated with a 
lower plasma level of TRP and a lower TRP ratio. The increase in TRP ratio 
over time proved to be significantly less for delirious patients. These results 
seem to support the hypothesis that a relationship between a reduced cerebral 
TRP availability from plasma and the occurrence of postoperative delirium 
may exist. This was sustained by the finding that in delirious patients, after 
the onset of delirium, the concentration of TRP (and the TRP ratiO) declined 
again, contrary to the normalized concentrations of the other aminoacids and 
the further increased concentration of PHE. Delirium was also related to lower 
plasma levels of the methyl donors SER and MET, indicating an endangered 
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production of cerebral acetylcholine. The stressful nature of cardiac surgery 
became clear from the significant increase of the ratio rT 3:T 3, TSH and corti-
sol. However, delirious patients did not respond differently to surgery and did 
not prove to be more catabolic. In conclusion, an imbalance of cerebral neur-
otransmission constituting a decreased serotoninergic and cholinergic func-
tion on the one hand and a (relatively) increased activity of the dopaminergic 
(and noradrenergic) system may underlie the occurrence of delirium after car-
illac surgery. 
Chapter 8 describes clinical course and outcome of delirium. Delirium was 
found to be strongly associated with the number and kind of postoperative 
complications, length of hospital stay and mortality rate. In fact, delirium was 
an important predictor for both in-hospital and post-discharge mortality, be-
ing 10% and 8%, respectively for delirious patients, while none of the non-de-
lirious patients died during admission and only one after discharge. Of the 
seven delirious patients who died within 6 months of surgery, six were older 
than 65 years and five had a preoperative low plasma level of albumin, both 
strong predictors for delirium. Delirious patients appeared to be more se-
riously ill and delirium was associated with psychiatric problems, fall acd-
dents and decubital ulcers. Delirium appeared to be a multifactorial disorder, 
most patients having three or more possible etiological factors for delirium. 
Since quantative measurement of plasma levels of anticholinergic drugs and 
benzodiazepines were missing, the only conclusion based on our findings may 
be that patients using medication found to be associated with delirium were 
probably receiving these because they were seriously ill, delirium being more 
associated with severity of illness than with the medications patients got. 
In chapter 9 some general considerations, regarding methodological and clini-
cal implications of this study, are discussed and suggestions for further re-
search are provided. 
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SAMENVATTING 
Cardiochirurgische ingrepen worden vanouds in verband gebracht met een 
bijzonder haag v66rkomen van een postoperatief delirium. De gerapporteerde 
incidentie varieert van 2-57%, afhankelijk van het onderzoeksontwerp, de se-
lectie van patienten, de soort ingreep, de detectiemethoden en de gebruikte 
criteria voor de diagnose delirium. De huidige incidentie van delirium na hart-
chirurgie is onbekend en de gegevens over voorspellende factoren zijn incon-
sistent. Studies over de pathofysiologie van het postoperatieve delirium ont-
breken grotendeels. 
Het klinische onderzoek dat in dit proefschrift wordt beschreven tracht de rol 
van een verminderde cerebrale beschikbaarheid van tryptofaan (TRP) en van 
veranderingen in de plasmaconcentraties van de andere grote, neutrale ami-
nozuren bij het optreden van een delirium na een cardiochirurgische ingreep 
te verhelderen. Bovendien wordt gepoogd een relatie te leggen met de effecten 
en de ernst van een katabole toestand. Tevens wordt onderzocht wat de hui-
dige incidentie en de risicofactoren zijn en wordt het klinische beloop en de 
uitkomst van delirium beschreven. 
Hoofdstuk 1.1 begint met een samenvatting van de historische ontwikkeling 
van het concept van deze stoornis. Het is opvallend dat de klinische beschrij-
ving van het delirium door de eeuwen heen tamelijk nauwkeurig en constant 
is geweest, ondanks de vaak vervvarrende terminologie. Oorspronkelijk, in de 
tijd van Hippocrates, werden de termen phrenitis en lethargus gebruikt v~~r 
het delirante syndroom. Beide werden geassocieerd met koorts en gekenmerkt 
door cognitieve, slaap- en gedragsproblemen. Phrenitis wordt heden ten dage 
het hyperalerte-hyperactieve en lethargus het hypoalerte-hypoactieve delirium 
genoemd. Pas aan het eind van de achttiende eeuw kwam het begrip delirium 
in zwang. Inmiddels werd algemeen erkend dat delirium het gevolg kon zijn 
van vele verschillende systemische aandoeningen en van operatie. In het be-
gin van deze eeuw introduceerde Bonhoeffer de "exogene reactietypen", waar-
toe ook het delirium werd gerekend, als niet specifieke, acute psychiatrische 
stoornissen ten gevolge van niet-cerebrale, lichamelijke ziekten. Al spoedig 
werd echter duidelijk dat deze exogene reactietypen ook veroorzaakt konden 
worden door cerebrale aandoeningen en door intoxicaties met medicijnen en 
vergiften. Engel en Romano, de eerste onderzoekers op het gebied van de pa-
thofysiologie van het delirium, probeerden klinische, psychologische en EEG-
gegevens van patii.:!nten met een delirium met elkaar in verband te brengen. 
Zo kwamen zij tot de veronderstelling dat cerebrale insufficientie ten gevolge 
van een verminderd hersenmetabolisme de pathofysiologische basis voor het 
delirium vormt. In aansiuiting aan onderzoeken naar het (experimentele) anti-
cholinerge delirium, krijgt de mogelijke rol van een verstoorde neurotransmit-
terbalans veel aandacht. 
In het tweede deel van hoofdstuk 1 worden de diagnostiek en de syrnptomato-
logie van het delirium beschreven. Delirium wordt gedefinieerd als een acute 
en voorbijgaande organisch-psychiatrische stoornis, gekenmerkt door een glo-
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bale cognitieve achteruitgang, een gedaald bevvustzijn, een venninderde aan-
dacht, een toegenomen of afgenomen psychomotore activiteit en een ge-
stoord slaap-waak ritme. De publicatie van de DSM-Ill in 1980, gevolgd door 
die van de DSM-III-R in 1987, voorzag in een standaardbeschrijving en in dui-
delijke criteria voor de diagnose delirium. De criteria van de ICD-lO, die in 
1992 uitkwam, bleken nauwkeuriger en strikter, waardoor deze waarschijnlijk 
specifieker, maar minder sensitief zijn en beter geoperationaliseerd kunnen 
worden. In dit hoofdstuk worden de prodromale verschijnselen en de kUni-
sche kenmerken van het delirium uitgebreid belicht. Het bestaan van verschil-
lende varianten en het mogelijke verband tussen verschijningsvonn en etiolo-
gie worden behandeld. Tevens wordt ingegaan op de gerapporteerde relatie 
tussen delirium en hogere morbiditeit, mortaliteit, opnameduur en institutio-
nalisering. 
In hoofdstuk 2 worden de resultaten weergegeven van een kritisch literatuur-
onderzoek naar de incidentie van en mogelijke risicofactoren voor het deli-
rium na hartchirurgie. Vit de gevonden studies en een meta-analyse door 
Smith en Dimsdale van 44 onderzoeken, komen de vOlgende problemen naar 
voren: Ten eerste was delirium vaak onvoldoende gedefinieerd. Ten tweede 
bleek er verwarring over het begin van een postcardiotomie delirium, omdat 
sommige onderzoekers deze diagnose aIleen stellen als er sprake is van een 
postoperatief lucide interval van 2-5 dagen. Ten derde werden in sommige on-
derzoeken overledenen (gedeeltelijk) uitgesloten. Ten vierde resulteerde de 
verschillende selectie van patienten en de verandering in soort chirurgische 
ingreep in de loop van de tijd in verschillende groepen patienten met betrek-
king tot bijvoorbeeld leeftijds- en geslachtsverdeling, ernst van ziekte, 
(co)morbiditeit en chirurgische procedure. Ten vijfde waren de onderzoeks-
groepen zeer wissel end van grootte en verschilde de laacht van de diverse stu-
dies daardoor aanzienlijk. Aileen de 16 prospectieve en 3 retrospectieve onder-
zoeken waarin delirium voldoende en min of meer vergelijkbaar met de 
hUidige criteria was gedefinieerd, werden voor verdere beschouwing geselec-
teerd. De incidenties varieerden aanmerkelijk, van 3-47%, en de kleine overlap 
van de betrouwbaarheidsintervallen bevestigde de heterogeniteit van de stu-
dies. Deze heterogeniteit werd niet verklaard door de soort chirurgische i11-
greep noch door de gemiddelde leeftijd of de geslachtsverdeling. Er werd ech-
ter weI een statistisch significant verband gevonden tussen de incidentie van 
het delirium en het jaar van publicatie. De latere publicaties lieten in het alge-
meen lagere incidenties zien. Vergelijking van de resultaten met betrekking tot 
de effecten van mogelijke risicofactoren zoals leeftijd, geslacht, duur van per-
fusie en hypotensie door middel van een meta-analyse was door het ontbre-
ken van homogeniteit niet mogelijk, hoewel hierover voldoende vaak verslag 
werd gedaan. 
In hoofdstuk 3 wordt een literatuuroverzicht gegeven van mogelijke pathofy-
siologische mechanismen voor het optreden van een delirium. Hypothesen 
hierover blijken grotendeels speculatief en vooral gebaseerd op dierexperimen-
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teel onderzoek. Stoornissen van verscheidene neurotransmittersystemen lijken 
betrokken te kunnen zijn bij verschillende aspecten van het delirium (zoals 
alertheid, aandacht, geheugen enz.), bij verschillende klinische verschijnings-
vormen (zoals hypo- of hyperaleft, hypo- of hyperactief, met of zonder psy-
chotische verschijnselen) en bij verschillende specifieke, met bepaalde aandoe-
ningen verbonden, vormen van het delirium (zoals het anticholinerge en 
alcoholonttrekkingsdeliriuID, de hepatische encephalopathie en het postope-
ratieve delirium). Onderzoek heeft aangetoond dat tekorten in het cerebrale 
cholinerge systeem ten grondslag kunnen liggen aan het optreden van een de-
lirium. Waarschijnlijk spelen hierbij veranderingen in de andere neurotrans-
mitter systemen eveneens een belangrijke rol. 20 wordt een overmaat aan glu-
tamaat en dopamine in de hersenen weI verantwoordelijk geacht voor 
cellulaire schade en voor de psychotische verschijnselen van het delirium. En 
zowel een overmatig als een verminderd functioneren van het cerebrale sero-
toninerge systeem is in verband gebracht met het optreden van respectivelijk 
een hepatische encephalopathie en een postoperatief delirium. Verder ligt 
overactiviteit van het noradrenerge systeem ten gevolge van een verhoogde 
noradrenalineconcentratie in de hersenen en supersensitiviteit van de alpha-
adrenerge receptoren mogelijk ten grondslag aan bepaalde spedfieke vormen 
zoals het alcoholonttrekkingsdelirum. Veranderingen in deze neurotransmit-
ter (=/ffirst messengers")-concentraties hebben mogelijk een bijkomend effect 
op een dysfunctioneren van het intracellulaire signaal-geleidingssysteen, 
d.w.z. de "second and third messengers", waardoor vervolgens de aanmaak en 
afgifte van neurotransmitters weer beYnvloed wordt. Tevens kunnen met de 
leeftijd samenhangende veranderingen in de hersenen de oorzaak zijn van de 
toegenomen kwetsbaarheid voor een delirium. 
Vervolgens wordt in hoofdstuk 3.2 en 3.3 het verband gelegd tussen cardio-
pulmonaire bypass (CPB), een katabole toestand en delirium aan de ene kant 
en afwijkingen in schildklierfunctietesten aan de andere kant. Fysiologisch 
stressvolle omstandigheden zoals niet-schildklier ziekten en katabole toestan-
den als systemische aandoeningen, verhongering en (chirurgisch) trauma blij-
ken aanleiding te geven tot veranderingen in het schildkliermetabolisme. Deze 
stoomissen veroorzaken abnormale schildklierfunctietesten en worden weI het 
lage T 3 syndroom genoemd. Over het algemeen wordt het lage T 3 syndroom 
gezien als een nuttige aanpassing aan ziekte om zo katabolisme te beperken en 
energie te sparen. Bet wordt gekenmerkt door een afname in de serum con-
centratie van T3, een toename in de rT3-concentratie, een normale of mogelijk 
afgenomen TSB-concentratie en een normale, toegenomen of afgenomen T4. 
concentratie, afhankelijk van de ernst van de stressvolle omstandigheden. Als 
gevolg van hartchirurgie met ePB en hypothermie blijken eveneens verande-
ringen in het schildkliermetabolisme te ontstaan. T3 blijkt gelijktijdig met de 
inductie van de anesthesie enorm afgenomen, tijdens ePB nog verder gedaald 
en na een week weer genormaliseerd. De rT3 is tijdens anesthesie en ePB aan-
vankelijk gedaald om onmiddellijk na operatie in waarde te stijgen. Na een 
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week is de rT 3 weer normaal. De ratio rT 3:T 3 zal dientengevolge postoperatief 
in waarde toenemen. Deze mag beschouwd worden als een maat voor fysiolo-
gische stress, met mogelijk een prognostische betekellis voor het verdere riek-
tebC'loop. Het is van belang dat een lage T3-waarde 1) een verminderd trans-
port van aminozuren en suikers tot gevolg heeft, wat aanleiding kan geven tot 
een substraat-tekort en op die manier de aanmaak van direct substraat-afhan-
kelijke neurotransmitters, zoals acetylcholine en serotonine, kan verstoren; en 
2) door een afgenomen ATP-aanmaak een algemeen verminderd metabolisme 
veroorzaakt. Op deze mallier kan de neurotransmissie in de hersenen even-
eens be'invloed worden. 
In hoofdstuk 3.4 wordt verslag gedaan van de resultaten van een voorstudie 
naar de rol van verminderd plasma tryptofaan (TRP) bij het optreden van een 
delirium. TRP is de precursor van cerebraal serotonine, een neurotransmitter 
betrokken bij functies als aggressief en impulsief gedrag, stemming, motore ac-
tiviteit en slaap, die ook gestoord zijn bij het delirium. Nu is de hoeveelheid 
functioneel serotonine in het CZS afuankelijk van o.a. het transport van TRP 
over de bloed-hersenbarriere. De veronderstelling was dat een postoperatieve, 
katabole toestand op twee manieren aanleiding geeft tot een venninderd TRP-
transport nl. 1) de plasmaconcentratie van de aminozuren valine (VAL), leu-
cine (LEU), isoleucine (ILE), tyrosine (TYR) en phenylalanine (PHE), die met 
TRP wedijveren om het transporteiwit in de bloed-hersenbarriere stijgt ten ge-
volge van afbraak van spiereiwitten; en 2) de plasmaconcentratie van TRP 
daalt door inductie van het leverenzym TRP-pyrrolase. De resultaten van deze 
studie lieten een significant lagere, gemiddelde plasmaconcentratie van TRP 
en plasma TRP ratio zien voor delirante patienten vergeleken met postopera-
tieve en gezonde controle personen. Dit leek de hypothese dat een vermin-
derde TRP-beschikbaarheid uit plasma bij het delirium na hartchirurgie een 
rol speelt, te bevestigen. 
In hoofdstuk 4 worden de doelen en methoden van deze studie beschreven. 
Deze werd uitgevoerd in het Thoraxcentrum van het Academische Ziekenhuis 
Rotterdam-Dijkzigt, een groot (bijna 1000 bedden te!lend) opleidingszieken-
huis. De studie v~nd plaats vanaf mei 1991 tot en met november 1992. 
Gedurende deze periode werden 331 patienten, die verschillende vormen van 
hartchirurgie ondergingen, prospectief bestudeerd. De pre- en postoperatieve 
psychometrische en psychiatrische onderzoeksmethoden en laboratoriumbe-
palingen, de anesthesie en CPB, en de gebruikte instrumenten worden uiteen-
gezet en verantwoord. 
In hoofdstuk S word! de "Symptom Rating Scale for Delirium (DRS)" geevalu-
eerd. De diagnose delirium was baseerd op de DSM-III-R criteria en werd ge-
steld door middel van psychiatrisch onderzoek. De DRS werd afgenomen om 
(de ernst van) de individuele symptomen vast te stellen. De geringe overlap in 
DRS-scores van delirante en niet-deliriante patienten toonde aan dat er sprake 
was van een hoge discriminerende validiteit. Verder werd gevonden dat de 
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meeste delirante patienten geen duidelijke wanen of hallucinaties rapporteer-
den, dat (bijna) allen psychomotore stoornissen en slaapproblemen hadden en 
dat velen een labiele stemming en fluctuatie in de symptomatologie vertoon-
den. De hoogste correlatie van de DRS-items werd gevonden tussen psycho-
motore gedrag en stoornissen in de waarneming, wat weer gecorreleerd was 
met het type hallucinatie en begintijdstip van het delirium. De aangetroffen 
wee dimensies en vier clusters weerspiegelden, naar onze mening, een ver-
schillende ernst van het delirium. De patienten met psychotische kenmerken 
zoals naar voren komend in factor 1 en cluster 3 (gevolg door cluster 2 en 1) 
bleken ernstiger delirant en hadden een hogere DRS max. score dan de patien-
ten met vooral cognitieve en emotionele kenmerken zoals blijkend uit factor 2 
en cluster 4. Het veronderstelde hierarchische karakter van de DRS werd beves-
tigd door een Mokken Schaal Analyse. 
Hoofdstuk 6 geeft de resultaten weer van het onderzoek naar incidentie van 
en predictieve factoren voor het delirium na hartchirurgie. De gevonden inci-
dentie is 13.5% v~~r de gehele studiesteekproef, 0% vOor de patienten onder 
de 60 jaar en 20% voor de patienten ouder dan 60 jaar. Univariate analyse van 
mogelijk voorspellende factoren liet zien dat delirante patienten significant 
ouder waren. Verder bleek delirium meer voor te komen bij patienten die kli-
nisch in het onderzoek waren ingesloten, wat een afspiegeling van ernst van 
ziekte is, en geassocieerd met slechter lichamelijk functioneren. Patienten met 
aanwijzingen voor verminderd cognitief functioneren (MMSE < 24) werden 
eveneens vaker delirant. Ook bleken de phenylalanine (PHE) ratio, de gemid-
delde serumconcentratie van T3 en de ratio rT3:T3 delirante van niet-delirante 
patienten te onderscheiden. Delirium bleek eveneens gerelateerd aan een lage 
plasma-albumineconcentratie en een verlaagde vitamine B-1 spiegel. Nifi-
dipine, een calcium heropname-remmer v~~r de behandeling van angina pec-
toris met anticholinerge eigenschappen in vitro, was de enige preoperatieve 
medicatie verband houdend met delirium. De combinatie van de vijf predicto-
ren leeftijd, de plasmaconcentratie van albumine, de score op de Algemene 
Gezondheidsvragenlijst (AGV-30), de waarde van de PHE-ratio en het gebruik 
van nifidipine bleek het beste delirante van niet-delirante patienten te onder-
scheiden. Leeftijd en albumine waren de sterkste voorspellers. 
Deze bevinding leek onze hypothese dat een verminderde preoperatieve TRP-
beschikbaarheid uit plasma een rol speelt in de etiologie van het delirium niet 
te bevestigen. Immers, noch de TRP noch de TRP-ratio waren v~~r delirante 
en niet-delirante patienten verschillend. De combinatie van de concentraties 
van aminozuren zoals weergegeven in de hoge PHE-ratio (PHE:VAL+LEU+ILE+ 
TYR+ TRP) bleek echter weI een predictor v~~r delirium. De opname van TRP 
in de hersenen zou door deze relatieve toename van PHE ten opzichte van de 
andere aminozuren belemmerd kunnen worden, te meer omdat de con centra-
tie van plasma TRP zeer laag was en PHE een hogere affiniteit v~~r de bloed-
hersenbarriere heeft dan de andere aminozuren. Hieruit kan men concluderen 
dat in aanwezigheid van een (relatieve) stijging van PHE, een verminderde be-
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schikbaarheid van TRP uit plasma een mogelijke risicofactor voor het delirium 
vormt. Andere aminozuren en neurotransmittors spelen hoogstwaarschijnlijk 
ook een rol bij deze ontregeHng in de hersenen. 
In hoofdstuk 7 worden de resultaten weergegeven van de effecten van hartchi-
rurgie op de cerebrale TRP-beschikbaarheid, op de plasmaconcentraties van de 
andere aminozuren, op de schildklierfunctietesten en op cortisol, in relatie tot 
het optreden van een delirium. Delirium kon niet verklaard worden door ver-
schill en in intraoperatieve variabelen of anesthesie. Tegen de verwachting in 
bleek de gemiddelde TRP-concentratie postoperatief gestegen en die van an-
dere aminozuren, behalve van PHE, gedaald. Dit had een stijging van de TRP-
ratio en PHE-ratio tot gevoig. Deze toename van TRP en PHE was mogelijk het 
gevolg van een verminderde omzetting van de beide aminozuren door een af-
genomen aanmaak van tetrahydrobiopterin en verlaagde metabole omzetting 
in de lever door de hypothermie. Niettemin bleek delirium met name verband 
te houden met een lagere plasmaconcentratie van TRP en een lagere TRP-ratio. 
Ook bleek de toename in TRP-ratio significant geringer v~~r delirante pati(~n­
ten. Deze bevindingen Hjken de veronderstelling dat een verminderde cere-
brale TRP beschikbaarheid een rol speelt bij het optreden van een delirium te 
ondersteunen. Dit werd verder gestaafd door het feit dat na het begin van het 
delirium de TRP-plasmaconcentratie en de TRP-ratio wederom gedaald bleken. 
Dit in tegenstelling tot de andere aminozuren, die genormaliseerd waren of, 
zoals PHE, verder gestegen. Delirium werd bovendien in verband gebracht met 
lagere plasma concentraties van de methyldonoren serine (SER) en methione 
(MET), wat een aanwijzing was voor een bedreigde productie van cerebraal 
acetylcholine. Hartchirurgie bleek een lichamelijk stressvolle gebeurtenis, ge-
zien de significante toename van de ratio rT 3:T 3, TSH en cortisol. In dit onder-
zoek kon echter niet worden aangetoond dat delirante patienten op een an-
dere manier reageerden op operatie of meer katabool waren. Samenvattend 
kan op baSis van de uitkomsten van dit onderzoek geconcludeerd worden, dat 
een verstoorde cerebrale neurotransmissie mogelijk ten grondslag ligt aan het 
optreden van een delirium na hartchirurgie. Hoogst waarschijnlijk speelt ener-
zijds een verminderd serotoninerg en cholinerg functioneren en anderzijds 
een (relatief) toegenomen activiteit van het dopaminerge en (noradrenerge) 
systeem hierbij een roI. 
In hoofdstuk 8 worden het klinisch beloop en de uitkomst van het postopera-
tieve delirium beschreven. Er bleek een sterke relatie tussen het optreden van 
een delirium enerzijds en postoperatieve complicaties, opnameduur en sterfte 
anderzijds. Delirium was een beJangrijke voorspeller voor sterfte. Tijdens op-
name overleed 10% van de patienten met een delirium en niemand van de 
niet-deliranten; binnen 6 maanden na ontslag uit het ziekenhuis bleek nog 
eens 8% van de delirante patienten gestorven in vergelijking met een patient 
die geen delirium had doorgemaakt. Van de, binnen 6 maanden na operatie, 
overleden delirante patienten waren er zes ouder dan 65 jaar en hadden er vijf 
een preoperatief lage albumine-concentratie, beide sterke voorspellers voar 
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een delirium. Delirante patienten waren lichamelijk zieker en hadden meer 
psychiatrische problem en, valaccidenten en decubitiswonden. Ook uit deze 
studie kwam naar voren dat delirium een multifactoriele aandoening is. 
Meestal waren er drie of meer mogelijke oorzaken v~~r het delirium aanwijs-
baar. Aangezien anticholinergica en benzodiazepinen niet quantitatief bepaald 
waren, kon geen uitspraak gedaan worden over de relatie met delirium. Er kon 
slechts geconcludeerd worden dat het optreden van een delirium waarschijn-
lijk meer verband houdt met de ernst van de ziekte dan met de gebruikte me-
dicatie. 
In hoofdstuk 9 worden enige methodologische en klinische aspecten van de 
studie besproken en worden enkele suggesties voor verder onderzoek gedaan. 
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therapie in het Psychotherapeutisch Centrum "de Viersprong" te Halsteren 
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